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In the present work an attempt has been made to 
study the phase stability of IJi^Al (with or without B) 
on the addition of Ta^ The phase stability study has 
been made at two temperatures: 1200*^C and 1000°C* 

In the present study# x-ray diffraction is extensively 
used along with microstructural and differential scanning 
calorimetrr" studies® Lattice parameters# obtained from 
the X-ray diffraction patterns of the alloys, show increase 
x-jith increasing addition of Ta® Addition of Boron, hox»7Gver# 
decreases the lattice parameter® Microstructural studies 
indicate that the phase boundary of Ni^Al alloyed v/ith 
Ta, along the 75 at % Ni line, is betv/een 7 at % Ta and 
9 at % Ta» Diffraction peaks other than those of Ni^Al, 
are obtained in all the alloys that contain Ta. Micro- 
structures of the alloys containing Ta show precipitation 
of a brittle phase at the grain boundaries . High values of 
microhardness obtained for these particles at the grain 
boundaries, and the analysis of the extra diffraction peaks 
suggest that the grain boundary precipitated phase is 
TaC. At 1000*^C all the diffraction peaks of Ni^Al have 
split into two peaks, including the superlattice reflection: 
The possibility of existence of a miscibility gap in the 



ri^Al region has been hypothesised » Differential scann- 
ing calorimetry shcrs an irreversible endothermic 
r*:^ action occiirring in the tei.'.perature region b "'tween 
900°C and 1100°C» Intensity calculations based on assumed 
compositions for the separated phases^ o.ue to the uixscibili c 
gan, show reasonable match v/ith the observed intensities 
of the diffraction pea]:s. The DSC results and structural 
analysis support the hypothesis regarding the existence of 


a miscibility gap 



CHAPTER 


<1 
± 

INTRODUCTION 

Studies on intermetallics and superalloys form 
the leading edge of research on materials today. Ni- 
base intermetallics and superalloys are by far the most 
important of all materials in this category. The Ni^Al 
intermetallic is unique for its strange mechanical pro- 
perty by which its proof stress increases with temper- 
ature upto about 600—700*^0. By virtue of this property 
Ni^Al becomes the ideal material for high temperature 
use o 

Purs polycrystalline Ni^Al is extremely brittle. 
Its ductility improves remarkably by even a very small 
addition of Boron. Ternary solute elements add to 
the strength of Ni^Al by imparting solution strengthen! 

The improvement of mechanical properties of any 
alloy by the addition of solutes can be fully utilized 
if the phase diagram^ of the system is known. The phase 
boundary of a phase can be detected by the change in 
slope of the lattice parameter versus composition plot 
Presence of an unknown phase in the microstructure may 
complicate the situation. In that case phase boundary 
can be established with the help of microstructure. 
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If any ncvj phases appears# e5.ther in the X-ray or 
in microstructtire the nevT phase can be i'^entified by indexing 
the diffraction pattern and comparing with the diffraction 
patterns of known phases* If this method fails# stmctural 
analysis can be done on the basis of assumed compositions. 
Structure factor ca.lculations on the basis of the assumed 
compositions# should predict the relatrlve intensities of the 
diffraction peaks if the assumptions are correct. 

In the present v/orl: effect of Ta and B on the phase 
stability of Ni^Al has been studied. 



3 


CHAPTER 2 
LITERATURE REVIEW 


2*1 SUPERALLOYS 

Many definitions of superalloys have appeared over 
the years. Superalloys are a class of materials aroiond 
which it is difficult to create an exact boundary (1) « 
However# a reasonable acceptable definition would be; 

"A superalloy is an alloy, usually based on group VIIIA 
elements, developed for elevated temperature service, 

■where relatively severe mechanical stressing is enco-un” 
tered, and where high surface stability is frequently 
required** (2) ® 

Superalloys are divided into three classes; 

Ni-base superalloys. Co-base superalloys, and Fe-base 
superalloys. In addition, a major s-ubgroup, those that 
have metallurgical characteristics similar to the Ni-base 
superalloys but contain relatively large Fe contents, are 
called Ni“Fe superalloys. 

Superalloys, because of their retention of strength 
at high temperatures, are used at a high proportion of 
their actual melting point than any other class of broadly 
commercial metallurgical materials. These materials have 
made much of our high-temperature technology possible. 
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2,2 NICKSL-BASE A1.L0YS 

The Ni“base alloys are the most complex and 
perhaps the most widely used material for high tem- 
perature applications of all the superalloys. Their 
use extends to the highest homologous temperatures of 
any common alloy system^ and they currently comprise 
over 50% of the weight of advanced aircraft engines. 

Their physical metallurgy is complex, subtle and sophis- 
ticated (3) « 

The alloying elements that the Mi— base superalloys 
may contain are Cr, Al, Ti, Zr, C, Mo, W, Nb, Ta and 
Hf, These elements tend to be grouped with some common 
characteristics in the periodic system. Accordingly, 
we can divide them into certain classes (3) , 

The first class consists of elements that prefer 
and make up the face— centered cubic y -matrix. These 
are from Groups V, VI and VII and include Co, Fe, Cr, Mo 
and W* The second class of elements partition to make up 
the Y * precipitate Ki^X. These elements are from 
Groups III, IV, and V and include Al, Ti, Mb, Ta and Hf* 

K, C and Zr make up a third class of elements that tend 
to segregate to grain boundaries. These elements are from 
Groups II, III and TV and are very odd sized in atomic 


diameter. 



The major phases that may be found in Ni— base 


superailoys are; 

1 ® Gamma Matrix (y ) 

2® Gamma Prime (y ’ ) 

3 8 Carbides ; 

Carbon^ added at levels of about 0®05~0.2% 

combines with reactive refractory elements 

such as Ti, Ta, Hf to form MC carbides. 

After heat treatment and MC^ carbides 

23 6 6 

may form® The carbides tend to populate the 
grain boundaries® 

4* Grain Boundary y* 

5. Borides s 

These occur as infrequent grain boundary 
particles® 

6® TCP-Type Phases i (Topologically close-packed) 
e®g» a#p, or Laves phases® 

The most important phase for the superailoys is the y® 
phase® 


2 . 2 ® 1 G AMMA- PRIME PHASES (y®) 

The precipitation of FCC A^B compounds, Y ■* # 
in superailoys is a most fortunate event® The Nickel 
atom is incompressible owing to its 3d electron state® 
Thus a high nickel matrix favours precipitation of Y*^ 
which requires little size change® 
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In the Y® type A^B phases, the relatively electron- 
egative element such as Ni composes the A# and the more 
electropositive elements, such as Al, Ti, Ta or Nb, compose 
the B elements, 

Y ® is a unique intermetallic phase. It contributes 
remarlrable strengthening by dislocation interaction, by- 
passing or particle-cutting to the y “Y* alloy. More 
remarkably, the strength of y ' increases as temperature 
increases. Furthermore, the inherent ductility of y* 
prevents it from being a source of fracture. 

In recent years attention has been paid to the 
potential of the y '-phase Ni^Al, as a base for super- 
alloy development. 

2,2.2 NigAl (y ') IN Ni-Al-X ALLOYS 

NijAl, which is the so-called Y ' phase in Ki- 
based superalloys, has a Cu^Au (Ll^) structure. The 
structure Is shown in Figure ■2.1. A great deal of 
interest has been shown in Ni^Al because of a sxibstantial 
increase in flov/ stress with increasing temperature. 

The strength increases with increasing temperature upto a 
peak value (4,5). This behaviour is represented in Fig- 
ure 2,2. In most of the Ni-base superalloys the major 
contribution to the retention of strength at. elevated 
temperatures is provided by this anomalous behaviour of 
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In the Y* type A^B phases, the relatively electron- 
egative element such as Ni composes the A, and the more 
electropositive elements, such as Al, Ti, Ta or Mb, compose 
the B elements* 

Y ® is a unique intermetallic phase* It contributes 
remarkable strengthening by dislocation Interaction, by- 
passing or particle-cutting to the y -y* alloy* More 
remarkably, the strength of y ® increases as temperature 
increases* Furthermore, the inherent ductility of y' 
prevents it from being a source of fracture* 

In recent years attention has been paid to the 
potential of the y '-phase Ni^Al, as a base for super- 
alloy development* 

2*2*2 Ni^Al (y ') IN Ni-Al-X ALLOYS 

Ni^Al, which is the so-called Y ' phase in Ni- 
based superalloys, has a Cu^Au (bl 2 ) structure. The 
structure is shown in Figure '2*1* A great deal of 
interest has been shown in Ni^Al because of a substantial 
increase in flow stress with increasing temperature. 

The strength increases with increasing temperature upto a 
peak value (4,5)« This behaviour is represented in Fig- 
ure 2,2, In most of the Ni-base superalloys the major 
contribution to the retention of strength at elevated 
temperatures is provided by this anomalous behaviour of 



0-2 7® Flow stress, psi x 10” 



Fig. 2.2 Anomalous behaviour of NiaAI. 




8 


Ni,Al« 

The effect of ternary additions on the mechanical 
properties of Ni^Al has attracted much attention (5^6,7), 
This is because Ni^Al can accommodate fairly sxibstantial 
amount of ternary additions into solution^ and thus a 
number of alloying elements is partitioned in Y * in 
commercial alloys (4# 8) » Moreoyer# it has been 

shown (9# 10) that the anomalous mechanical response 
of LI 2 compounds is systematically affected by the phase 
stability which can be varied by partial substitution of 
any one of the coraponents* 

The alloying behaviour of Ni^Al# iae» whether the 
addition substitutes excltisively for A1 or exclusively 
for Ni^, or for both sites# was first given by Gaurd and 
Westbrook (4) ® Knovrledge of the direction of the solu- 

bility lobe of Ni^Al in the ternary diagram and information 
on the extracted and analysed Y ’ are crucial to under- 
standing of the controlling factors in alloying behaviour. 

It has been established (10# 11) that Ta and other 
refractory metals like Ti# Hf, Nb substitute for A1 in 
the Ni^Al phase. 

The progressive improvement obtained over the 
past 40 years in the ability of turbine blades to with- 
stand high temperatures has been achieved to a large 
extent by a gradual increase in the volume fraction of 



the hardening phase - y ' in Ki-base superalloys, together 
with processing innovations such as columnar grain and 
single-crystal casting* The trend has been retarded by 
the associated rise in Y ® solvus and the concomitant 
decrease in the solidus temperature, rapidly leading to 
the appearance of eutectic y ® « 

In order to counteract this tendency, there has 
been a shift in composition! many recent high temper- 
ature performance turbine blade alloys are largely based 
on the !Ti-*Al-Ta system* The use of Ta, in preference to 
Ti or lib, leads to higher solidus temperatures and 
enables larger y " volume fractions to be obtained (12) » 

2^2*3 THB Ni-Al-Ta SYSTEM 

Inspite of its practical importance, the Ni-Al-Ta 
system has been relatively little investigated. Nash 
and West (11) studied the solid state phase equilibria 
at 1000°C and 1250°C in the region containing 50-100 
atomic % Ni. Willemin et al (12) ■ eonfimed overall 
form of the 1250°C isothermal section determined by Nash 
and West, and have enabled the phase boundaries to be deter- 
mined more accurately. 

2,3 BINARY SYSTEMS 
2.3,1 Nl-Al SYSTEM 

Willemin et al (12),' in a recent review of the 
Ni-Al system, have accepted the version of the binary 



system given by Hansen and Anderbo (13) to be proper® 

The phase diagram for the Ni~Al binary system, shown in 
Figure 2.3, is largely based on X-ray analysis of 
slowly cooled powder, thermal and micrographic analysis® 

The partial phase diagram for alloys with 0-50 at 
% Ni, is well established® There are two intermediate, 
peritectically formed phases i (i) NiAl^ (42*03 wt% Ni or 
at % Ni) forms peritectically at 854°C and (ii) the 
intermediate phase Ni^Al^ also forms peritectically at 
1133°C and was finally accepted to be of Ideal composition 
(59»19 wt % Ni or 40®’o at % Ni)® The p " phase, based 
on the composition NiAl (68®51 wt % Ni or 50*0 at % Ni) 
has a maxiroum melting point of 1638^C® Ni^l^ has an 
orthorhombic structure of the TiAl^ ^^®22^ type, NiAl 
is bcc of B2 type and Ni 2 'M 2 hexagonal type® 

The constitution in the 50-100 at % Ni range of 
composition has proved to be more complicated and has 
been subjected to numerous investigations. The phase 
diagram depicted in Pig® 2,3 incorporates both a eutectic 
and a peritectic reaction close together in the region of 
Ni^Al® After some initial debate, these were found to be 
situated on the Ni-rich side of y' following experiments 
carried out by Floyd (14) « 

Ni^Al, according to Hansen and Anderho (13) has 
an FCC stiructure of the Cu^Au type (Ll^) with lattice 
parameter a = 3,589 A at 75 at % Ni. 
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Electrical resistivity and thermal dilation 

measurements exhibit sharp minima at the compositions 

NiAl and Ni^Al^ at constant temperature (13) ® Prom 

the dilation data it is suggested (13) that Ni^-^l 

o 

undergoes a solid state transformation at 600 C« 

Gaurd and Westbrook (15) in a study of the 
third-element effect on Ni^Al show that Ni^Al does not 
order at elevated temperatures* They also state that 
at 1150®C^ Ni^Al is stable over the range 72-78*5 a/o Ni* 
At the stoichiometric composition the c\±>ic parameter 
is 3*5700 A (15^16) . 

2 * 3 » 2 Ni~T a SYSTEM 

The binary Ni-Ta system consists of five compounds 

(Ni^Ta# Ni„Ta# Ni^Ta, NiTa and NiTa.) and the two terminal 

o 3 Z Z 

solid solutions, (Ni) and (Ta) . 

NigTa# at a composition of 11*1 at % Ta, was first 
reported by Larson et al (18,19) and was later confirmed 
by Kash and X7est (20) ® Nash and West determined the 
peritectoid temperature for the formation of NigTa to be 
betv/een 1320° and 1340°C, The structure of NigTa was 
investigated using electron diffraction, X~ray diffraction 
and electrical resistivity techniques. It was found that 
NigTa is a long-range ordered stoichiometric compound 
with fct structure, isoraorphous with NbNig, 
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Ni^Ta was first discovered by Therkelsen (21) 

and later was confirmed by numerous workers (17), It 

o 

melts congruently at 1550 C® Three distinct structural 

modifications of Ni_Ta have been reoorted to form under 

3 

different conditions® One form is orthorhombic of the 

structure type TiCu_ (DO ) and is stabilized due to 

surface contamination* It may also be written as Ni 2 'l'e 0 ^__® 

Heavy cold work produces the tetragonal TiAl^ ( 00 ^ 2 ) “type 

structure® Both the orthorhombic and tetragonal Ni^Ta 

are metastable® Giessen and Grant (22) were the first 

to identify the equilibrium form of Ki^Ta® They identified 

the crystal structure as monoclinic of type TaPt with 

3 

12-layer stacking period, 

Ni 2 Ta has been reported to form peritctically 
at 1420°C at 33,3 at % Ta (17)® There are also reports of 
it forming at 36,0 at % Ta and 1320^0 from a eutectic 
reaction® ^ 2^3 has a tetragonal structix e# isotypic 
vrith Cr 2 Al# which is a variation of the type MoSi 2 . 

NiTa was obtained at 50 ®0 at % Ta from a peritectic 
reaction at 1570^0® The structure of KiTa was found to 
be of W.Fe„ tvpe with lattice parameters a = 0.4921 nm 
and c = 2®6905 nm® 

NiTa 2 has been reported (17) to form at 1788°C 
from a peritectic reaction® It has been indexed on the 
basis of a bet lattice and has been found to have the 
structure of NiTa 2 # with lattice parameters'^ a=0«6216 nm# 
c = 0*4872 ran® 
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In a recent review A» Nash and P® Nash (17) have 
critically reviewed the existing data and phase diagram 
of the Ni-Ta system* The asessed phase diagram is 
shown in Figure 2®4® 

2*3.3 Al-Ta SYSTEM 

Not much literature is available on this binary 
system® The phase diagram^ also,^ is only partially 
developed* Figure 2*5 shox^rs the binary phase diagram 
of the Al“-Ta system^ as given by Massalshi (24) . 

Hansen and Anderko (13) reported the existence 
of the compound TaAl^ (69*09 wt % Ta ©r 25*0 at % Ta) * 
Its structure was found to be isotypic v^ith TiAl^ 

(DO 22 ) with the lattice parameters a = 5*433 A# 
c = 8*553 A, c/a = 1*574® 

Elliott (16) reported the existence of TaAl^, 
TaAl^ and a phase of wide homogeneity, 64*80 a/o Ta. 
Edshammar et al (25) gave the phase the nominal compo- 
sition Ta 2 Al . The phase was found to be tetragonal 
with lattice parameters: a = 9.825 A',“ c = 5,23 A 
at 67 a/o Ta and a = 9.98 A, c - 5.16A at 75 a/o 
Ta. TaAl^ was reported to have a “low symmetry" with a 
structure similar to ZrAl^ and ZrSi 2 . 
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Shunlc (23) reported that TaAl^ and Ta 2 Al are 
formed peritectically? incipient melting of the stoichio- 

O O 

metric alloys v;as observed at ISOOtS C and 2100+5 C respect- 
ively» Shunk also reported the existence of a high teroper- 
ature phase ^ BCC^ a — Mn type with a=9*88 A* 

A phase which was tentatively indexed as ciibic with a = 19e2A, 
having composition between TaAl^ and TaAl^ was also observed, 

Ki-Al-Ta TERNARY SYSTEM 

One of the earliest investigations in the Ni— Al-Ta 
system was carried out by Hubert et al (26), They reported 
that Y ® (Ni^Al) and 6 (Ni 2 Ta) formed a pseudo-binary eutectic 
analogous to that in the Ni— Al—Nb system, Mollard et al 
(27) confirmed this and reported a ternary eutectic between 
Y# Y* and 6 at 79,5 Ni#' 11,0 Ta - 9,5 Al (at %) » However# 
the Ni“*Ai“Nb system differs from the Ki— Al-Ta system in 
that a ternary compound Ni^TaAl (designated r) ) was found 
in the Ni^Al-Ni^Ta section (28#29). This ternary compound 
has a hexagonal stinicture (Ni^Ti type) and melts congruently 
at 180GK (1527°C)o 

A partial isothermal section has been determined at 
1273K (lOOO'^C) for the range 0-50 at % Ni' (30), Other 
ternary compounds have also been found. Among these NiAlTa 
has hexagonal (Mg Zn 2 type) structure while Ni 2 TaAl 
(designated H phase) has a cubic Cu 2 MnAl type structure. 
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Tli 0 worlv of Nash snd. Wsst (11) ostablishsd. tlis 

isothermal sections at 1523K (1250®C) and 1273K (1000 C) 

in the 50-100 at % Ni range shown in Figure 2®6« The 

intermediate phases Y * and Ni^Ta were found to show 

suhstantial ranges of solid solubility within the ternary 

system. At 1523K Y ’ dissolves about 10 at % Ta, P 7 at % 

Ta and Ni Ta 5 at % T, • The ternar^^ phase Ni TaAl shoi^s 
8 ^ 

0 xt:©nsiv 0 solid soliibility foir Ni and ent©irs xnto equili*™ 

brium with Y* #Y ^ ^ and NigTa® A peritectoid reacuion 

was reported at a temperature between 1273K and 1523K 
(1000°C and 1250°C)^ i.f. 

p + p. (NiTa) ** KiTaAl + H(Ni 2 TaAl) 

The K phase enters into equilibrium with NiAl(P), NiTaAl 
and NiTa and Ni^Ta* 

Willemin et al (12) carried out a more detailed 
study of the system (12^31). Studying the solid-liquid 
equilibria# they identified five different phases within 
the triangle Ni-NiAl - Ni^Ta *. Y ^ Y * # ^ . P and Ni^TaAl, 
which has been designated as ix « The crysi-al structure 
and lattice parameters are given in Table 2.1 (12). 

The 6 phase dissolves very little Al, while the 
solubility of Ta in the p phase is also small. On the 
contrary, y * eud is phases have considerable solid 


solxability ranges 



60 



a 




Ni 


1 6 • 


Q Phcse compcs'tton &y £PMA 

Pncse boundory fcy £PMA 

finterpoioted phos« bOundory 
— T:e l*nes determTned by EPMA 
^ S>*Qip p^cse o!ioy 
PfevTous wo^'K 

^ Compcs*t‘on o! 2 p^ose o! o> 

Cc^pct'l'on 0* 3 O'^osf* 0 Ct 


1000^0 


Aloa'Ic 7 . Tq 



ilg» 2 ® 6 Isotherffi of the li-Al-i'a System 






21 


Willemin et al (12) determined the tie lines for 
the solid state equilibria by microprobe analysis for 
the 1250°C isothermal section® Several two-phase fields 
made up this part of the diagram^ as shown in Figure 2,7« 

Information on the y * solvus in Figure 2*7 was 
obtained from two sources® The temperature at which y * 
precipitates or is completely solutioned, and, for a given 
temperature the limiting compositions of alloys in the 
Y + Y* two phase fields® 

The limiting compositions of phases, corresponding 
to maximum soliibility for primary phases are given in 
Table 2*2 (12) . 

The presence of n: -phase, which had been reported by 
several workers (11,28),' was shown (12) to melt congruently 
~ 1400^0® 

The work by Willemin et al (12) confirmed the 1250°C 
isothermal obtained by Nash and West (ll), with certain 
modifications * 

2*5 EFFECT OF BORON ON Ni^Al 

2.5®1 SOLUBILITY, SEGREGATION CHARACTERISTICS, AIT) EFFECT ( 

LATTICE PROPERTIES 

Though there are reports in the literature on the 
soliibility of Boron in Ni^Al, and on effect of Boron on 
the phase stability of Ni^Al, no report could be found on 
the effect of Boron on the lattice properties and phase 
stability of Ni-Al-Ta alloys® 
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Table 2.1 

Crystal Structures and Lattice Parameters (nm) of A^B Systems 
in Ri— /^.l-Ta System 


Comoo- Ni_Al Ni^TaAl Ni^Ta Ni_Ta Ni-Ta Nio' 

siti on ^ ^ 3 3 3 8 

Phase type i 

CujAu ' Ni^Ti Al^Ti Pt^Nb Cu^^^ PCu^' 

Bravais 

at % Lattices 

A1 Ta Simple Hexagonal BCT Konoclinic Ortho- P.C 

Cubic rhombic 


31.0 0 a=0.3573 

12.6 1L8 a=0.3607 

13.1 8.9 a=0*3608 

18 7 a=0.3609 

10.5 12 ........ f a=0.5114 

t c=0.8360 


10.4 14®3 ........ f a”0.5114 

I c=0.S362 


I c=0.8340 

!i1m 2> ^ ^3 2l ® ^3 ^ ^5. ' '■ ^ 5^ *1- <3 *7 

i c=0.8366 


0 25 


0 25 


2 ® 5 26 


® & 




{ a=0.3627 i a=0.512 
i c=0.7455 C b=0.452 
j c=2.537 
I a=90O50 ‘ 




, a — 0*511 
b=0-454 
c=2.550 
■’ a=90‘^38 * 




a=0.3571 

c=0.7452 


{ a=0 «512 
{ b=0.423 
C c=0,452 


I a=0*5114 
\ b=0.4250 
I c=0.4542 


| a=0«5117 
b=0a4247 
c=0.4527 


0 11.1 




=1 

=0 
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Table 2*2 

Tiimiting Compositions of Phase^ Corresponding to Maximum 
Solubility For Primary Phases 


Phases 

A1 

COMPOSITIONS 

Ta 

at % 

Ni 

TC 

8-12 

13o5-14.5 

70-80 

6 

0-2.5 

23.5-25 

70-85 

P 

30-55 

0-6 

42-70' 

Y ‘ 

7-25 

0-10 

75-80 

Y 

0-15 

0-15 

80-100 

Ni^Ta 

0-4 

12-14 

84-88 
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Liu and Koch (32) estimated the solubility of Boro- 
in Ki^Al to be roughly 0®3 t 0*05 wt%a Beyond that level 
second phase particles with composition Ni 2 QAl 2 Bg were 
observed* Studies revealed that while A1 content has no 
observable effect on the segragation of carbon# oxygen 
and sulfur# the segregation of Boron to grain boundaries 
is effect by bulk the Al-concentration® As the bulk A1 
content decreases# the Boron segregated to the grain boun- 
dary increases and the grain boundary A1 decreases signi- 
ficantly* It was also observed that Boron has a strong 
tendency to segregate to grain boundaries# but not to 
cavities or free surfaces® On the other hand# sulfur and 
other embrittling impurities tended to segregate more 
strongly to cavity surfaces than to grain boundaries* 

Effect of Boron on the lattice properties of 
Ki^Al and its alloys has been investigated by several 
authors (35-3 7) * Kim et al (3 5) found that the lattice 
parameters of Ni^Al increased with increasing Boron 
content under a constant heat treatment* They also found 
that lattice parameters varied with heat treatment# 
indicating that some Boron dissolves in the matrix as a 
solid solution element* 

Baker et al (36) found that Boron is soliible as 
an interstitial upto at least 1*12 at % and produces a 
lattice strain of 0*13, They found the strengthening 
effect of Boron to be 387 MPa per at % Boron* 
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Tho large change in strength per fractional change 
in lattice pararaeter# due to Boron# compared to other B 
sub-group elements suggests that Boron produces an assy- 
metric strain field* This is possible if some Boron atoms 
occupy interstitial sites on the Ni^Al unit cell edge* 

Line broadening in the Debye -Scherrer patterns reported by 
Weihs et al (38) are consistent v/ith this stiggestion* 


2*5*2 IMPROVEr:B!TT OF DUCTILITY 

Copley and Kear (39) showed that a single crystal of 
the LI 2 bype interrnetallic compound Ni^Al keeps its strength 
high upto about lOOOK without any appreciable less in its 
ductility® However# the use of polycrystalline Ni^Al as a 
practical high temperature material has been prevented by 
its severe grain-boundary brittleness* It has been reported 
that localized flow accompanies the intergranular fracture 
of Ni^Al (40)® 

Aolci and Izumi (41 #42) first reported the beneficial 
effect of Boron in Ni^Al and observed tensile ductility at 
room temperature* Liu and Koch (51), by control of Boron 
concentration and thermomechanical treatment reported a 
tensile elongation of 50%* 

Although the improvement of ductility of poly- 
crystalline Ni^Al by addition of small amount of B has been 
extensively reported ever since 1971 (41) » the real reason 
for this ductility Improvement is still not exactly known* 
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The nature and amount of plastic deformation# 
reported by Schulson et al (40) # is important in under- 
standing the mechanical aspects of grain boundary brittle- 
ness® Ogura and coworhers (33) examined the chemistry of 
grain boundaries and the plasticity associated with the 
intergranular fracture of Ki^Al, They inferred that the 
cohesive strength of grain boundaries in Ni^Al is very 
sensitive to the change in atomic structure of grain boun- 
daries® Polycrystalline Ni^Al obtained by recrystallization 
of rolled single crystals v^as shown to have remarkable 
resistivity against intergranular cracking® Hence they 
concluded that Boron improved the ductility in Ni^Al possibly 
by modifying the weak nature of atomic bonds (or structure) 
in grain boundaries® Messmer and Briant (34) showed by 
quantum mechanical calculations that boron acts as a cohesive 
enhancer in Nickel® With this result they tried to explain 
the improvement of ductil. ity of Ni^Al by Boron addition® 

2®6 MECHA!TICAL PROPERTIES OF Ni^Al AND THE EFFECT OF 

i 

alloyTng~*m5dTtions^ ^ 

After Westbrook (43) shox-^’ed in 1957# for the first 

time# that Ni^Al has an anomaldus temperature dependence 

of hardness# enormous amount of work has been done by 

numerous workers (5# 31# 43-46) to substantiate this fact 

and to find out the mechanism behind this anomalous behaviour 

Davies and Stoloff (5) showed that the flow stress increases 

o o 

by seven folds between-196 C and a maximum at ^ 600 C® 
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Over the years ^ the following mechanisms had been 

oroDOsed to explain the anomalous behaviour of Ni^Als 

3 

(i) Diffusion Mechanism 

(ii) Intrinsic Effects 

/ 

(iii) The Cross-slip model® 

Pope and Ezz (46) i. in a recent review, have discussed 
these mechanisms in great detail® 

2 «> 6 ® 1 EFFECT OF ALLOYING ADDITION AND SOLUTION STREI^THENING 

The alloying behaviour of Ni^Al, i®e®, whether the 
addition substitutes exclusively for A1 or exclusively for 
Ni, or for both sites, was first given by Gaurd and Westbrool< 
(4) e They divided the elements which dissolve substitution- 
ally in Ni^Al into three groups; 

i) Those which substitute for Ni — Co and Cu. 

ii) Those which substitute for Al — Si, Ti, Mn, V etc® 

iii) Those which substitute for both the constituent 
elements - Fe, Cr and Mo® 

Gaurd and Westbroolc (4) suggested that the substitution 
behaviour is determined by electronic (chemical) factors 
rather than atomic size factors® 

Recently# Ochiai et al (52) and Mishima et al 
(53,54) have reported quite extensively on the effect of 
ternary additions on the mechanical properties of 
(52, 53) and on solid solution hardening of Ni^Al (54). 
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It was concluded that solid, solution hardening in temary 
compound cannot be fully interpreted even by the combined 
effect of "atomic size effect" and "modulus effect" (54) , 
Though Mishima et al (54) gave original evidence of solution 
hardening being governed by the elastic interaction invol- 
ving edge dislocations^ they did not give any explanation 
for the behaviour of transition rnetal elements, Rawlings 
and Staton“‘Bevan (6) and Aoki and Izumi (55) investigating 
the effects of additions to polycrystalline Ni^Al^ came to 
the same conclusions* 


Wee and co-workers (56 #57) have proposed what is 
so far the most comprehensive model of solid solution 
strengthening effects in LI 2 ordered alloys* They pointed 


out that other ordered structures can be produced from Ll. 


structure by introducing periodic faults on (111) or (010) 
planes* For example# ^^22 results from introducing 

a periodic array of APBs on (010) planes. Since APB energy 
is anisotropic and also dependent on structure# hence the 


anomalous increase in flow stress in Ll^ alloys depends 


on the difference in APB energy on (010) and (111) planes. An 
element which increases this difference# also increases the 
anomalous increase of CRSS with temperature. This theory 
v/orks very well for additions which make the LI 2 structure 


unstable relative to e,g, Ta and Nb# but less well for 


"22 


those which make it unstable relative to DO^^#' e,g, Ti and 


Pe^ 


28 


2 ® 7 8T7-iT7M7:nT O F PR ^'PLEM 

Full potential of an alloy system can be exploited 
only when its phase diagram has been properly established 
and understood* For practical applications of an alloy 
system^ its mechanical properties are of prime importance. 
But#' for the mechanical properties to be predicted and 
to be reproduced with consistency# knowledge about the 
phase diagram of the system is essential. 

Ternary alloys of Ni-Al-Ta system have excellent 

mechanical properties and are useful for many practical 

applications# particularly in the composition range near 

the Y* region (i.e,# the solubility to be of Ni^Al) , 

2 

Small addition of Boron (of the order of even 10 ppm) 
has been reported to give remarkable improvement in the 
ductility of the otherwise brittle intermetallic Ni^Al 
and its superalloys. However, the review of literature 
shows ,that the solubility lobe of Ni^Al is established 
for only two isothermals « 1250'^C and lOOO^C, Moreover# 
except for tv/o detailed studies of the Ki“-Al-Ta system 
near the y* I’^gion# not much phase stability work has 
been done on this system# 

There is almost no report on the effect of Boron 
on the stability of the Y * phase# or for that matter# 
of any phase in the Ni-Al-Ta system. Though the maximum 
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Solubility of B in has been determined^ its solubility 

and behaviour in presence of Ta has not been reported. 

Hence it was proposed that the stability of the y * 
phase in the Ni-Al-Ta system be studied at three temper- 
atures ; SOO'^C^ lOOO^C and 1200°Cj in presence of Boron. An 
Ni^Al master alloy containing about 500 ppm Boron^ 
supplied by the Defence Metallurgical Research Laboratory# 
Hyderabad# was to be used for preparing the samples. 

In order to establish the effect of Boron# comparisons 
would have to be made with alloys not containing Boron. 

The properties of non-Boron alloys reported in literature 
could be used for comparison. But for studying the proper- 
ties under identical conditions# it was proposed that the 
non-Boron alloys be also prepared. 
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CT:APTBR 3 

EXPERIME NTAL PR O CE DURE 

3*1 ALLOY PREPARATION 

3*1.1 ALLOYS CONTAINING BORON 

The starting material for alloys containing Boron 
was Boron-doped Ni^Al obtained from the defence Metallur- 
gical Research Laboratory (DMRL ) , Hyderabad® No chemical 
analysis was supplied with the material. The Boron content 
was known to be about 500 ppm. X-ray diffraction patterns 
and microstructure for the DMRL supplied material shov/ed it 
to be single phase. 

In order to make an alloy of a certain composition# 

the DMRL sunolied Ni-Al alloy was used and extra Nickel 
" 3 

(or Aluminium) and Tantalum was added as per the requirement. 

In calculating the weight of component elements needed 
for an alloy# the'v/eight of Boron was neglected as it is 
present in the Ni^Al in very small quantity (Refer Appe^n'^ix A) 

3.1.2 ALLOYS NOT CONTAINING BORON 

The starting materials for alloys not containing 
Boron were elemental Nickel of 99.99% purity# elemental 

Alumlniiim of 99.99% purity# and Ta of 99.9% purity. 

The weight of each component required for making 15 gm 
of the alloy v/as calculated directly from weight percent 
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composition® 

3 o 2 MELTING 

The alloys were melted into buttons of 15 gm weight 
in a non-consumable electrode water-cooled Cu hearth arc 
melting furnace. A specific furnace charging sequence 
was used to avoid variation in melting loss. The alloys 
containing Boron were arranged in such a way that a large 
flat piece of Ni^Al , remained at the top with Nichel pieces 
at the bottom and small pieces of Ta sheet allround. In 
case of non-Boron alloys# Alxxminium pieces were kept at 
the bottom# on top of them vrere kept Ni““pieces and all 
were topped with pieces of Ta. All these ingredients 
were arranged around a large rod of Ni (1.5 cm long# 5 mm 
in diameter) which was made to stand vertically. Arc 
was struck on the flat surface of the vertical Ni— rod. 

Before striking the arc# the furnace was evacuated 
and flushed with Argon. The alloy was melted three times. 
After each melting# the button was inverted and the furnace 
was evacuated and flushed v/ith Argon, This was done to 
ensure maximum possible homogenization during melting* 

After melting# the buttons were weighed to obtain 
the weight loss . Next they were cut by a diamond 
into atleast three parts. 
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3 ® 3 HOM OGS !TI ZAT I '?:■! 

The alloys v/ere vacuum sealed in fused silic a tube 

using a rotary pump to obtain a vacuum of the order of 
~2 -3 

10 to 10 torr®Each sealed tube containing three 
pieces of a sample was put in for homogenization at 1200^C* 
The fxirnace was calibrated and maintained within £ 2 C 
of the required temperature* 

The time of homogenization was determined by 
experimenting on a Boron-doped alloy containing 7 atomic 
% Ta* The sar'iole was quenched from 12 00*^C after evein^ 
consecutive 3 days of homogenization® X— ray ' diffraction 
pattern was taken for the sample and its lattice parameter 
was calculated* The homogenization was continued till 
there was practically no change in the lattice parameter of 
the alloy* It vras found that homogenization was effected 
after about 12 days. So all the samples were homogenized at 
1200°C for 12 days® 

In order to reduce the time of annual for homogeni- 
zation, attempt was made to homogenize one sample at 1300°C, 
But after 3 days it was found that the alloy melted par- 
tially* 

o 

Since homogenization was done at 1200 C within a 
variation of j:2°C, for the samples whose phase stability 
was to be studied at 1200°C, no further equillbriation was 
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required. Yet^ after the 12 days of homogenization 
anneal# the samples were not taken out of the furnace# 
but were kept for another 2 days under the same condi- 
tions® This was not absolutely necessary# but was done 
to ensure complete equilibriation at 1200*^C. The 
samples were quenched by letting them fall directly into 
water® 


3 » 4 E QUILIBRIATION AT lOOO^C 

One of the 3 pieces of each sample homogenized 

o 

and equilibriated at 1200 C was taken out for annealing 
at lOOO^C® The piece was vacuum sealed# as before# in 
a fused silica tube and kept at 1000*^0 for 12 days. 

The furnace was maintained at 1000*^C with an accuracy of 
£ 1®5*^C. The choice of the time (12 days) was based on 
that reported in the literature* (7 days) and on 
our experience during homogenisation. 

3® 5. X-RAY DIFFRACTION 
3.5.1 S AMPLE PREPARATION 

Powder for X-ray diffraction work was prepared by 
filing a piece of alloy button with hardened steel file*' 
Before filing# the surface of the piece of the alloy was 
cleaned by grinding on the belt grinder. This was 
done to ensure the removal of any oxide layer that might 
have formed on the surface* 

*P. Rash and D.R.F. West#. Metal, Sci. J#Vol*13#1979#p.670, 
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To malce powder for diffraction wort:^ a piece 
of an alloy was closed in a vice and the edges were 
filed off. The filings were collected on a piece of 
paper. 

After enough powder had been filed off, the 
powder was transferred to a fused silica tube. The 
powder was vacuum sealed in the tube and stress-relieved 
for about 10 minutes at the temperature of ©quilibri- 
ation® 

3 ® 5 . 2 THE SAMPLE HOLDER 

The X-ray beam coming out of the collimater and 
falling on the powder was found to have a rectangular 
cross-section. While the length of the rectangle was 
fixed, the breadth could be adjusted by changing the 
X=-ray slit width. The rectangular cross-section was 
measured to be of dimensions 15mm x 4 mm approximately 
with a slit opening of 1 mm® 

Initially, the sample holder was a 25mm x 25 mm 
square perspex sheet with a rectangular groove (16 mm 
long, 6 mm wide, 0®5 mm deep) at the center of the sheet® 
It was found that owing to the fluorescence from the 
nerpex the background intensity increased, especially 
at low angles of incidence of the X-ray beam® This 
could be reduced by increasing the area of powder exposed 
to X-ray and by simultaneously decreasing the area of 



perspex exposed to radiation. There were two ways of 
doincr this# either 'oy e'.'laraing the central slit so 
that more powder could be held# or by removing the 
excess perspex as much as possible by machining. The 
former solution would require more powder. Since 
filing itself was a very tedious process# the second 
solution was opted for* 

Thus In its final shape# the perspex sheet v/as 
rectangular piece of perspex vrith external dimensions 
2 5mm x lOmrn® The central groove for holding powder 
being of the dimension 16mmx6mra® This resulted in a 
remarkable improvement in the quality of diffraction 
pattern* 

3-5*3 X-RAY DIFFRACTION 

The X-ray diffraction work was carried out on 
a Rich Seifert Isodebye flux 2002 diffractometer using 
Cu target. A curved graphite crystal monochromator 
attachment at the diffracted beam side of the diffracto 
meter was used to cut down stray radiation reaching the 
counter as well as to remove reflections. The diffra 
ction pattern was recorded on a strip-chart recorder* 

For taking X—ray diffraction pattern# at first 
a rapid scan was made from 20° to 150° (20 values) to 
see the positions of the diffraction peaks. In the 
second step slow scanning was done near the peaks in 
order to get more accurate 2© values for the peak 
oosxtions ® 


Conditions linder which the diffraction patterns 
were obtained are listed below j 

PROCEDURE 1; 

(RAPID SCAN) t 
Voltage = 30 kV 

Current = 20 mA 

Scanning speed = 3°/mln (in 2© values) 

Chart speed = 30 miT)/rain 
Time constant = 3 sec# 

Counts per minute = 200 
X“ray slit opening = 1 mm 

PROCEDURE 2s 

(SLOW SCAN) s 
Voltage = 30 kV 
Current = 20 mA 
Scanning speed = 0»6°/min 
Chart speed = 15 mm/min 
Time constant = 3 sec# 

Counts per minute = It was varied to obtain 

proper peaks height 
X—ray slit opening = 1 am* 

In order to know the error in the machine in 
showing angles# a standard silicon sample was scanned 
at slow speed (same speed as in the 2nd step mentioned 
above). The difference between the angles of the peaks 
recorded on the strip chart recorder and the corresponding 
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apales kncn-^n ror standard Si sample gave the correction 
factor. correction factor^ x^hen added to recorded 

angles for the diffraction peaks of the alloy sample, 
gave the exact angular positions of the diffraction 
peaks (i®e®, tne correct values of 2 @) « These corrected 
angles were later used in calculating precise lattice 
parameters for the alloy* 

It was observed that with the scanning speed 
of 3 /min (as used in the rapid scan) the weak super- 
lattice reflections of 0-OO)and 0.1O) planes etc* in Ni^Al, 
were not detectable* so slox^rer scanning speeds were resorted 
to* In order to get detctable intensities of the weak diffr? 
ction peaks, higher current and voltage ratings were used* 
The X-ray slit opening was widened to 1*5 mm for the same 
reason. The conditions set for detecting the superlattice 
reflection, were, 

PROCEDURE 3s 

Voltage = 40 kV 
Current = 30 mA 

Scanning speed = 0®3°/min (in 2© values) 

Chart speed = 300 ram/hr or 15 mm/min for bettei 

resolution 
Time = 10 sec 

Counts per minute = 200 

X~ray slit opening = 1.5 mm« 
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“ ® ^ OPTICAL MICRO SCOPY 

The samples were etched electrolytically using 
10 A Oxalic Acid soluti-on® Previous to selecting this 
etching reagent# Alcoholic Ferric chloride (FeCl^ 5 gm, 

HCl 10 ml# Ethanol 100 ml) and Marble ®s Reagent (CuSO 

4 

4 gm# KCl 20 ml# H^O 20 ml) had been tried out® But 10% 
Oxalic Acrd solutaon was seen to give better results® 

i^or electrO'-etching the proper time— current 
combination was found out by starting with low voltage (3V) 
and inspecting the microstructure after etching for different 
durations of time# at intervals of 30 seconds. At 3V and 5V 
hardly any difference occurred in the microstructure even 
a.cter 10 minubes or etching. Etching action became more ranid 
at lOV, At 15V changes in the mic restructure were clearly 
visible after about 5 minutes of etching. 

All the microstructures showed pits at the grain 
boundaries. One alloy was taken and polishing was started 
from the belt grinder. After wheel polishing# the micro- 
structure was seen without etching. Polishing was then 
repeated from No, 2 emery paper upto the polishing wheel. 

The idea was to remove the Material from the surface and 
observe the effect on the pit size. 
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3 ® 7 R £J 3 s ^ME A SITREMS >7TS 

rij.c.1 ohardness measurements were made on the 
grains and across grain-boundaries, A load of 25 gm was 
used for talcing hardness of the matrix, 

-or the small particles ^ barely outlined in the 
microstructnre, a weight of 5 gm was used for microhardness 
measurements, 

^ PiF?'5 R3''^:’l AL 5CAI3NING CALOxR IMSTRY 

Differential scanning calorimetry was. done on 
tv70 alloys; Boron-doped Ni^Al without Ta and Boron-doped 
bisAl wi ch 1 at %Ta® The details of the runs are given 
belovj ; 

O 

Heating t 10 C per minutes 

Temperature range; 25*^C to 1240'^C 

Chart speed; 12 cm/hr® 
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CHAPTER 4 


RESULTS 

For the purpose of studying the phase stability of 
the Ni-Al-Ta system, with and without Boron condition, 
the alloys x^’ere at first homogenized® Next extensive 
X-ray diffraction analysis was carried out* Electron 
microscopy would have formed a very important part of 
the work, but owing to the unavailability of the equipment, 
we had to be satisfied with optical microscopy* This was 
followed by microhardness measurements and Differential 
Scanning Colorimeter (D.S.C.) runs* 

The results that were obtained at the various stages 
of investigation, are given in the following sections* 

4 • 1 INDEXING OF THE X-RAY DIFFRACTION PATTERNS 

The present work required extensive use of X-ray 
diffraction* But before any analysis can be made of the 
diffraction pattern, proper indexing has to be done. ^ In 
other- words, the correct Miller indices are to be assignee 
to the diffraction peaks. The indexing work in the present 
case was simplified because the crystal structure of Ni^Ai 
is well established* However, the diffraction pattern of 
the master alloy {Ni^Al containing Boron) , obtained from 
the Defence Metallurgical Research Laboratory CDMRL) was 
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properly indexed and compared with the diffraction pattern 
of Ni^Al given in the ASTM data cards. Table 4.1 shows 
the diffraction pattern of the master alloy in the as 
obtained condition^ before any heat treatment was given to 
it ® 

The diffraction pattern of alloys which contained Ta^ 
irrespective of Boron content showed some extra peaks 
besides those that could be indexed on the basis of Ni^Al, 

As an example# the diffraction pattern of an alloy contain-" 
ing 7 atomic % Ta# with Boron# is shown in Table 4.2. 

The superlattice reflections were very weak® So it was not 
possible to measure their exact angular positions# accurately. 


4 . 2 METHOD FOR LATTICE PARAMETER MEASUREMECT 

In the present work extensive use was made of precise 
lattice parameters. Lattice parameter was used not only to 
find the effect of solute addition on Ni^Al, but also to 
determine the time required for homogenizing the alloys# 
to have an idea about the approximate composition of a 
phase, and to determine the phase boundary. Thus it was 
necessary to obtain the precise lattice parameter values. 

The alloy system used in the present v/ork gave very 
broad X-ray diffraction peaks at high angles (2©^ 100®). 
Thus low angle diffraction peaks had to be used for lattice 
parameter calculations. 
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Tnbl 


DifiTraction Pattern of the Jlaster Alloy 
(?'^i^Al .with B) 



Observed 

Values 


Values 

from ASTM 

Data Card 

Line 

2 Q 

d 

— b 

I/I 

o 

d 

o 

hkl 

2 Sine 

1. 

24*726 

3 ® 60 

30 

3*600 

40 

100 


36*182 

2*55 

20 

2.547 

40 

110 

3 » 

43 ® 684 

2«072 

100 

2*074 

100 

111 

4, 

51*019 

1*79 

75 

1*799 

70 

200 

5. 

57*567 

1*602 

30 

1.603 

40 

210 


Not observed 


1.461 

20 

211 

6» 

75® 23 1 

1*263 

60 

1*265 

60 

220 

7* 

91,087 

1*080 

65 

1.078 

60 

311 

8 « 

96,660 

1.032 

40 

1.032 

40 

222 
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TaMo 4.2 ; Imiex’.ng of the Diffraction pattern of Alloy 

containing 7 at % Ta and B ^ 

Lattice Parameter of the Alloy = 3.577 A 



Observed 

Values 




Line 

Kfo* 

d 

=V2Sine 

I/I 

o 

hkl 

d 

(Ni^Al) 

Calculated 

1. 

24.7240* 

3.600 

10 

100 

3,577 

2. 

34.9150 

2 5 6 9 

95 



3 ® 

35.1700* 

2.551 

10 

110 

2,530 

4. 

40.5400 

2.225 

75 



5. 

43.5860 

2.076 

100 

111 

2,065 

6 * 

50.8750 

1,794 

70 

200 

1,789 

7 » 

57.4275* 

1*604 

10 

210 

1.599 

8 * 

58.6650 

1.573 

50 



9. 

70,1250 

1.342 

45 



10* 

73.7000 

1.285 

15 



11. 

74,9910 

1 , 266 

60 

220 

1.265 

12. 

87.7350 

1,112 

20 



13 . 

90,8650 

1.082 

60 

311 

1.078 

14. 

95.8600 

1,036 

50 

222 

1,033 

15. 

98,0000 

1,021 

30 




* Intensities of these peahs were very low« 

Procedure 3 (see page 41 )was used to resolve these peaks* 
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In order to minimize error, the latti 
was plotted against Nelson-Riley function, 


Ce 


Parameter 


0^1 e 


is shown in Fiaure 4®1, 


such plot 


IS was 


A best fit straigb-K 

iin( 

obtained by the least souare method « The 

^■crapolated 

value of the Lattice parameter along the beg-t- 


line was talcen as the lattice parameter of 
d'-' tails arc riven in Aur>'^-ndix B* 


fit straight 
® sample® The 


4®3 HOMOGENIZATION 


Diffusivity of refractoary metals in Nj a , 

3 AI is very 

low® For an alloy button to have the same 


throughout the bulk, it is necessairy for the 

Composition 

to be uniform. Hence, if there is any gradie. 

^nt in the 

concentration of the ternary addition, time ^ 

has to be 

allowed for it to diffuse unifoirmly in the rn=,i. . 

'^htrix® High 

temperature would accelerate the process of 

itj-usion* 



The litex'ature reports that 7 days at 

■^250 c was 

necessarv to homogenize the alloys of the ™ 

Ai-B-Ta (1) 

system . In the present work, a temperature o 

'-Of 1300 C 

was tried, but after 1 day at 1300^C inclpj_^ 

ijc fusion was 

seen to occur. Since 1200^0 was a temper atur-c^ 

at which 

further studies would be made, it was decidua . 

^ to choose 

12 00*^0 as the homogenizing temperature. 


To find out the time of homogenization^ lattice 

parameter of one of the alloys (7 atomic % g , v 

^ containing B) 

was determined after every 3 days anneal at 1200^0 At 
the initial stages, due to rapid rate of there 

should be a significant change in the latticg 


parameter 



No. of days at 1200“C 


Fig. 4.2 Plot of lattice parameter versus time of 
homogenization at 1200®C. 
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c tnc Ec.,'p,''Oj, whilr at Icter stages the change would be 
small® This trend was observed for the alloy that was 
scooied. Figure 4e2 giv^s the plot of lattice parameter 
versus time of homogenisation® 

As observed from Figure 4.2, the alloy is homogenized 
after about 9 days at 1200°C® But to be on the safe side, 
all the alloys were homogenized at 1200°C for 12 days. 

latti ce parameter of alloys AIlhSALED AT 1200^C 

After the alloys had been equilibriated at 1200*^C 
for 12 days, the alloys v/ere studied for their lattice 
parameters. Table 4.3 lists the lattice parameters for 
the alloys with Boron, at 1200'^C. Table 4.4 gives the 
lattice parameter for alloys not containing Boron, annealed 
at 1200OC. 

Figure 4.3 shows the plot of lattice parameter versus 
Ta content at 1200*^C for both Boron-containing and no Boron 
alloys. 

The lattice parameter of pure Ni^Al v/ithout any Ta 
or B has been taken from literature (2) , Lattice para- 

meter of Ki^-Al is strongly dependant on heat treatment. 

Hence the above value taken from the literature cannot be 
compared with the experimentally obtained lattice parameter 
of Boron-doped Ni^Al. Though the values of lattice parameter 
reported in the literature for pure (Boron-free) Ni^Al," 

where bet\ireen 3.57 to 3,58A, the latter value has 


vary any 



Table 4.3 


‘ Parameters of Alloys Containinq Boron, 

at l2on*^c 


Lattice Standard Deviation 


Compos?! 

t :i on 

Parameter 

(A) 


At % Ni 

At % Ta 

75 

0 

3.574 

1.5x10“^ 

75 

1 

3.575 

2x10"^ 

75 

2 

3.576 

1x10“^ 

75 

3 

3.575 

l«5xl0"^ 

75 

7 

3.577 

lxl0“^ 

75 

9 

3.586 

1.5x10"^ 


Table 4,4 ; Lattice Parameter of Alloys not containing 
Boron, at 1200°C 


A"* loy 

Composition 

At % Ri At % Ta 

Lattice 

Parameter 

(A) 

Standard Deviation 

75 

0 

3.580 


75 

1 

3.584 

1x10“^ 

75 

2 

3.585 

“3 

1.5x10 

75 

3 

3.586 

1,5x10"^ 

75 

7 

3.584 

2xl0"^ 

75 

9 

3.593 

2xl0"^ 


Taken from literature (Ref. 2) , 


/i,c 


105931 


ejNS «Wi38^^ 


{ ' 'C/, 
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matches with the experimentally 

“"i 4“ /**\ 

^ .Lo 0 


® 5 T A' '1 ”, Aj::_E _ rAP.AM.'-j TERS OF ALLOYS ANNEALED AT 1000°C 

■Ir o:- rlor to study the phase stability of the alloy 

~ o 

systo.m .= t I'POO Coextensive X~ray diffraction analysis was 
car ri on the samples* 


4*5»i _ac'':xing of the diffrac tion patter ns obtained 

"’h’ X j'ay diffraction patterns of all the alloys at 

O 

1000 C visibly different from the diffraction patterns 

of the o' 1 oyc at 1200'^C, The unknown peaks# as given in 
Tab] 0 'f-’Ove# also appeared at 1000*^C for samples contain- 
ing Ta# i r r-'' spective of their B content* However# the 

o 

di f f r,'-ct, ■ cm oatterns of the alloys annealed, at 1000 C had. 

the f -T } fv.-,. 7 i no characteristics: for each of the Ni^Al diffractio 

o 

l.in-'S (k^: 1 Pr^'CjC) there were now two peaks at 1000 C, One 

of the ir>ro peaks was at a slightly higher angle and the 
other at .n slightly lower angle relative to the Ni^Al peaks, 
Finoxe '^*4 shows the splitting of the (100) peak* It appeared 
as if the single peaks of Ni 3 Al had split into two. Table 4.5 
gives the diffraction pattern of an alloy containing 1 atom 

% Ta and Boron* 

Jor our convenience, we have grouped the split peaks 
in two oe-s. The first set (Set A) Is made up of peaks 
which are at relatively lower angles and the second set (Set B 
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m 1 

'4,5 : Dif -^racti on 

-7 4- c ^ m ™ 

riXl /o L B ^ i 

to tvfo : 

Pattern for B- 
at lOOOOc, shov, 
Pi^Al type phas 

•doped Alloy containing 
ring two sets of pea?':s 
:es 


r.cittico paramoter 
Lattice paraneter 

for Set 

for Set 

a 

B # 

u 

= 3,580 A 

= 3,541 A 


Line 

20 Set: 

A 



Set B 



d I/I 

^ o 

hkl 

d 

calcu- 

lated 

d 

I/I hkl 

o 

d 

calcu- 

lated 

1* 

24,9270 3,536 20 

100 

3,580 




2. 

3, 

25,0900 

34,8610* - 



3.549 

20 100 

3,541 

4, 

35,22^6 2,547 15 

110 

2,531 




5» 

6. 

35,4261 

4 0,4^^60* ~ 



2,533 

15 , 110 

2.503 

7® 

43,7773 2,068 100 

111 

2,067 




8 « 

44,2173 



2.048 

100 111 

2,044 

9 m 

51,0240 1,789 75 

200 

1,790 




10® 

51,4040 



1,775 

75 200 

1.771 

11. 

57,5475 1,601 15 

210 

1,601 




12® 

13, 

14, ^ 

57,9623 

58,6250* - 

* 

70,1050 

- 

- 

1.591 

10 210 

1.584 

15, 

75,0888 1.265 60 

220 

1,265 




16® 

75,9488 



1,253 

60 220 

1,252 

17® 

91.0123 1,080 40 

311 

1,079 




18® 

91®9263 



1,072 

35 311 

1,068 

19, 

96,5286 1,033 35 

222 

1.033 




20® 

97,7886 



1.023 

30 222 

1.022 

* 

Pea]< 

:s due to unknox^/n phase^ annealed alloys (See Tablo 4®2) 




is m'vde up o: 
in th'3 pairs 
bo3 ong.lng to 


pra];r which are at relatively higher angles 
O" split pcalcs. In Figure 4«4# the peak 
oet A is marked as while the one belonging 


to Set B is marked 


Table 4*5 shows that both the sets can be individually 
indexed on the basis of Nl^Al structure* 


4*5*2 LATTICE PARAMETERS OF THE AL L OYS AT lOOO^C 

At lOOO^C# as has been mentioned before, the Ni^^l 
peaks had split into two. These split peal<s can grouped 
into sets (Sets A and B)/ as has been described in 

section 4*5.1 above, each set of which can be indexed on the 
basis of Mi^Al structure, Kence, while calculating the lattice 
riaramoter, the two sets were considered separately and for 
each alloy tX'/o lattice parameters were obtained. 

Table 4,6 gives the two lattice parameters of each 
alloy containing Boron, The lattice parameter data is also 

plotted in Figure 4,5, Table 4,7 and Figure 4,6 shovj the lattic 
parameter Aptn for Doron~free alloys at 1000*^C, 

^ • 6 CPT ICAL MICROSCOPY 

CHOICE OF ETCHING REAGECT 

Developing a proper microstructure depends greatly 
on the type of etching reagent used, besides being dependent 
on other factors such as careful polishing etc. 

Initially, alcoholic ferric chloride was tried out 
as the etching reagent. But this reagent failed to reveal 
the second phase, whereas the X-ray diffraction pattern 
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Tables ^..6 


lattice Para-, eters of Alloys Containing Boron, 
at lOOO'^C 


■ i oy 

: I 

C On DO r i t i on 

:i At ?o Ta 

Lattice 

naraiDOter 

o 

in A 
for SET A 

Standard 

Deviation 

Lattice 

Parameter 

in A 
for SET B 

Standard 

Devlatio 

75 

0 

3.578 

lxl0“^ 

3.542 

1.5x10"^ 

75 

1 

3.580 

2x10“^ 

3.541 

l.SxlO""^ 

75 

2 

3 . 582 

1,5x10“^ 

3.543 

2x10"^ 

75 

3 

3,584 

2x10 ^ 

3.547 

3.5x10“^ 

75 

7 

3.591 

lxl0~^ 

3.561 

1.5x10"^ 

75 

9 

3.595 

2x10“^ 

3.570 

1x10“^ 


Table 4.7 ; Lattice Parameters of Alloys not containing 

Poron, at 1000*^C 


A 1 1 oy 

At % 1 

COiTipOS 

li At 

it ion 

% Ta 

Lattice 

■oarameter 

o 

in A 

for SET A 

Standard 

Deviation 

lattice 

Parame ter 
o 

in A 
for SET B 

Standard 

Deviation 

75 


0 





75 


1 

3.579 

1x10“^ 

3.54 

8x10"^ 

75 


2 

- 

“3 

- 

. ^-3 

75 


3 

3.585 

2x10 

-3 

3.54 

7.5x10 
, ^“3 

75 


7 

3,583 

1.5x10 

-3 

3.545 

2x10 

-3 

75 


9 

3.588 

1x10 

3.554 

1x10 



lice p< 
leaks 


12 3 4 

Atomic ®j 

of ' 

Fig. 4.5 plot of lattice parameter^ 
ing Boron at 1000'C. 


5 6 7 8 9 

K Ta ► 

K5 /\V 

versus To content of alloys contain- 



Lattice Parometer (A) 
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Fig. 4-6 Plot of lattice parameter versus Ta content of alloys not 
containing Boron at 1000 'C. 
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c’f'rir:v In 
prcsr-nt In 
no 

Alcohol Ic 


oicnt'-d that at least one phase besides Ni^Al is 
th? a" leys. Except severe pitting and a flat 
oth.er strxic ''-tires could be seen with this reagent 
ferric chloride had hardly any effect* 


irash and West (1,3) report the use of Marble's Reagent 
as th'> etching reagent. This etchant was found to be very 
strong. The grain boundaries were very deeply etched while 
different areas in single grain showed different rates of 
etching. As a result the surface of the specimen became 
un-';ven with certain regions elevated and certain regions 
denrecsed. Tha microstructure that was obtained, was similar 
to that r-:?norted by Chakraborty et al (4) , These effects of 
ovcr-otchi nq just after 5 seconds of dipping in 

Marble 's reagent. Hence, neither was it possible to observe 
the development of microstructure, nor was it possible to 
analvse the micro structure owing to the effect of over- 
et’chlng* This ccch-ing reagent was, thus, rejected. 

Finally electro-etching was tried out with 10% oxalic 
acid solution. The proper time-current combination x^as 
found out and the gradual evolution of the microstructure 
could bo very easily followed. The photomicrographs given 
in figures 4.7 to 4,29 show the effect of etching. 


4«6o‘2 T HF. PHOTOMICROGRA PHS_ 

Though electron microscope was essential for this 
work, owing to the unavailability of the equipment, optical 
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r.icro?cc.p:- had to maet the necessity. In all the micro- 
s-!'nctr.r''s photographed (Fig. 4.7 to Fig. 4.29), some 
a i -fused darh patches hcove appeared. These features 
w re not present in the microstructures , Close obser- 
vation will reveal that the same pattern of patches appear 
on a^l the photographs as well as the photograph negatives. 
I'ience, these patches must have come from the lens system of 
the microscope and are not features of the microstructures. 


'■'icjure 4.7 shov/s the photomicrograph of an alloy in 
the as-cost condition. The junction of the chilled layer 
and the colximnar grains Is clearly visible. 


Figures 4.8 to 4,23 show the photomicrographs of alloys 
annealed at 1200°C, Figures 4.8# 4.10 and 4.14 show etched 
si’rfacoG of F oron doped alloys containing 1 at % # 3 at % 
and 7 at % Ta respectively. They clearly show an increase 
in the amount of dark spots (holes) with increasing Ta. This 
trend is not carried on to the 9 at % Ta sample (Figure 4,19). 
That the dark spots can be seen before etching, is shov;n 
in Figures 4.11# 4.13, 4.15#' 4.18 and 4.21, Also to be 
noticed in these figures is the fact that these dark spots 
are located along the grain boundaries. Figures 4.21 and 
4.22, which are photomicrographs of the same region before 
and after etching. These two micrographs show that the numbers 
of dark spots or holes have increased with etching. In 
Figure 4.15 particles at the grain boundaries have been 
revealed by careful polishing. The effect of etching on 
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on thin sarnpl- ic shwn in Figures 4.16 and 4.17. Etching 
rcveaJs the grain boundaries but etches out the particles 
at the grain boundaries. The phase marhed as A in Figure 
4.17 appears only in this alloy (7 at % Ta and no B). 

This phase is seen only near regions of large dark patches or 
holes# which may have been created to by chipping out or 
el'ching out of massive grain boundary precipitate particles. 

In alloys with 9 atomic % Ta with or without Boron# 
a new phase is visible even before etching. This phase 
is mar’red E in Figures 4.18 to 4.23. This phase becomes 
clearly outlined on etching (Figures 4.19# 4.20/ 4.23). 

The photomicrographs of samples that had been annealed 
at 1000°C are shown in Figures 4.24 to 4.29. Holes at the 
grain boundaries persist in these samples too. But increase 
.1 n the amount of holes with increasing Ta content is not so 
evident. In Figure 4.27 the band around the grain boundary 
is an etching effect. The phase marked B in Figures 4.18 to 
4.23 a] so persist in case of lOOO^C annealed for 9 at % Ta 
samples (Figures 4.27'# 4.28# 4,29). 

One thing to be noticed is that in the case of the 
Boi'On free alloy containing 1 atom % Ta twinned regions 
can be seen in some of the grains. These regions appear both 
at 1200°C and at 1000°C (Figures 4.9 and 4.24). In the 
Boron containing alloys# no twins were observed. 





/.T : Photomicrogranh of AG--Caot S 

Al loy Buttons . 

Mags 10 OX 







Photomicrograph of Boron-^dopod 3 at% Ta 
at 1200°C. 

::ng: 200X 



Photomicrograph of v; it hout -Boron 3 at 
at 1 2 00°C, before etching. 

MagJ 10 OX 







O': vrithout -Boron 3at/-o Ta alloY, 
^ 4 - lonn^Y. nf1:’~-r '"’i:chin'j ♦ 

Yag: 30 OX 



Fig. 4.13 


^ *jr ■Ror'on— onoc^ 7at% B a alloY 
Photomicrograph Oj. Boron o...pc..u 

at 1200 *^ 0 , before etching. 

Mag; lOOX 





4.15 


Photomicrograph of without-Boron Baf/. Ta allc 
at 1200'®C, before etching. 

Maa: 10 OX 







Co 



: "rintomicrograph of Boron doped, 9at% Ta alloy, 
"'t, 12nO°C; before etching. 

ij-in: 1 nox 


' • ’ 'I ' ' ' 

\''' \ ] 


h 'c.' 


/ ' 4 


; 5I./ 


Fig. 4.19 ; Photomicrograph of Boron-doped, 9 at% Ta alloy, 
at 1200 ®Cj after 5 minutes etching. 

Mag: i'OOX, 




Pig, 4.20 : Photomicrograph of Doron-clopod 9at% Ta a?.loy, 
at 1200°C, after 10 minutes of etching, 
riag: 200X, 



Fig. 4. 21 : Photomicrograph of without -Bor on, 9at% Ta alloy 
at 1200°C, before etching. 

Mag: lOOX. 
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Fig, 4.22 : Photomicrograph of without Boron, 9at% Ta alloy, 
at 1200 C after 10 minutes of etching. 

Hag: 10 OX. 

f " 

■ J ' 


4 



Fig, 4,23 : Photomicrograph of without Boron, 9at% Ta alloy',' 
at 1200*^0 after 10 minutes of etching. 

Mag: 500X. 




Fig, 4,24 ; Photomicrograph of v/ithout-Borori/ lat/o Ta Alloy 
at lOOO^C, aftar 10 minutes of etching. 

Mag: 10 OX 



Fig. 4.25 : Photomicrograph of x«;ithout -Boron, 3at%Ta allots 

at 1000*^C before etching, 

Mag: SOOX 
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Firi. 4.26 : Photomicrograph of vrithout-Boron^ 7at% Ta al- 

at lOOO^C, after 10 miniitos of etching. 

Mag; 10 OX. 



Fig. 4.27 : Photomicrograph of Boron-doped, 9at%Ta alloy, 

at 1000°C, after 10 minutes of etching. 

Mag: lOOX. 



2 8 : Pliotomicrograph of v/ithout-Boron, 9at%Ta alloy, 
at 1000*^0, bofor'O etching. 

Maa: 10 OX. 



.29 : Photomicrograph of without -Boron, 9at% Ta alloy, 

at 1000°C, after 10 minutes of etching. 

Mag; 500X. 
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4«7 THE DIFFERENTIAL SCANNING CALORIMETRY OF Ni-Al-Ta 
AI.LOYS ^ 

After equilibriating the samples at 1000°C, an 
unprecedented splitting of the Ni^Al diffraction peaks 
occurred for all alloys# This indicated that some phase 
transformation must have occurred in the system# Since 
a phase transformation would be associated with a thermal 
effect# differential scanning calorimetry was tried to 
detect the thermal effect as well as to determine the trans- 
formation temperature® Two alloys were investigated using 
the D.S®C, technique® 

The D«S#C. plots are shown in Figure 4® 30® The two 
samples give similar curves® The region A# C# D and E are 
reproduced in both the plots® The region B in curve 1 is 
absent in curve 2* This may be due to the effect of weight 
(weight of sample for curve 2 was less than that for curve l) 
or an effect of Ta® Details for curves 1 and 2 are given 
in Table 4*8® 

4®8 MICROHARDNESS 

If phases differ significantly in their compositions 
their microhardness values are expected to be different. 

So we used microhardness for phase identification. 

Microhardness was taken on precipitate particles at 
grain boundaries. These particles had been revealed 
after taking utmost care in polishing. About 10 microhardness 
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Table 4,8 s Details of DSC Run 



Curve 1 

Curve 2 


Specimen weight 

195 mg 

137 mg 



Pt. Standard 

55,1 

mg 

113 mg 

Composition of 

75 % 

Mi 

75 % 111 

sample 

25 % 

A1 

2A % A1 


0 % . 

Ta 

1 % Ta 


Boron 

doped 

Boron doped 



1300 1100 900 700 500 300 100 

Temperature "C 

Fig. 4-30 The differential scanning calorimeter plot for two samples. 
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readings for grain boundarir particles/taken on various 
samples. The microhardness of the particles at the grain 
boundaries very high compared to that cf the matrix 
phase. l»fhereas the microhardness of the matrix phase 
varied between 450 and 530 kg/mm^ (using Vickers indentor ) , 
that of the precipitate particle at the grain boundary 
varied between 1200 and 1400 kg/mm^. 

However^ the phase marked B in Figures 4,18 to 4,23 
and in Figures 4*26^ 4,28 and 4.29# do not show any differ- 
ence in microhardness from that of the matrix,' 

The comparable intensities of the split peaks in 
the diffraction patterns of alloys annealed at 1000°C 
indicated that the two phases (which gave rise to the two 
sets of peaks) were present in the alloys in comparable 
amounts. This meant that the number of grains of the two 
phases would be comparable. As microstructurally the grains 
belonging to each phase could not be identified# attempt was 
made to find out the phases by their difference in micro- 
hardness. Microhardness readings were taken in various 
regions of the samples so that grains of both the phases 
could be covered, Hovrever# the microhardness values through— 

2 9 

out varied between 450 kg/mm and 500 kg/mm . The micro- 
hardness of the two phases did not differ much each other, 
Kence the phases could not be identified from their difference 


in microhardness. 
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4»9 ri!^A5U R5MS!\‘T C7 J-r-TSUC TTY CT DTPFRTC'^'^CI' 

Integrated int^-nnities of diffraction p-ats^ particularly 

the superlattice lines, yield important information about the 

n a cure of suostitution of alloying elemente For structural analys 

and to know whether Ta substitutes A1 or Ni in Ni Al, the inte- 

3 

grated intensities of the first two superlattice peats and the 
first two fundamental peaks were calculated for the Boron doped 
1 at% Ta alloy, annealed at 1000°C, 

The integrated intensity was obtained from the area under 
the diffraction peak* Area under each split peak was obtained 
separately® As the split peaks were not fully resolved, extra- 
polation was done to obtain two superimposing, visually symmetri- 
cal peaks* This is shown in Figure 4*31* The area under each 
peak was calculated by placing the symmetrically extrapolated 
peaks on a measured grid (e®g* graph paper) ® 

The result is shov/n in Table 4*9 , 

Table 4*9 Scaled Integrated Intensities from Area Under 
Diffraction Peaks 


hkl 

Peaks of Set A 

Peaks of Set B 

Absolute 
area (rara^) 

Scaled 

Intensity 

Absolute 

Area (khti ) 

Scaled 

Intensity 

100 

567,0 

2*91 

430*0 

1*44 

110 

460*5 

1,96 

328.0 

1.10 

111 

2350*0 

10*00 

2980*0 

10.00 

200 

496*0 

4.24 

1253.0 

4*20 
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CI-IAPTER 5 


DISCUSSION 


In order to study the effect of Ta and B on the phase 
stability of N' alloys were prepared in two sets with 

increasing Ta content** One set containing Boron and the 
other devoid of any Boron* X-ray diffraction was most 
widely used in the study® 


5 ® 1 COMPOSITION OF THE ALLOYS 

In the absence of proper facilities for accurate 
determination of chemical composition^ the actual compo- 
sition of the alloys could not be verified. Hov/ever/ the 
melting loss for the alloys was found to vary between 0.3 
and 0.5% and hence it is expected that the alloy compositions 
did not deviate much from the intended ones. Table 5,1 
gives the melting loss of some of the alloys. 

Table 5®1 : Melting Loss of Some Alloys 


Alloy 

Composition 

Weight 

before 

Weight 

after 

% 

Loss 

At%Ni 

Al%Ta 

Containing 

Boron 

melting 

Gms 

melting 

Gms 


75 

1 

Yes 

14.9991 

14.9286 

0.47 

75 

1 

No 

14.9986 

14.9405 

0.38 

75 

9 

Yes 

14,9957 

14.9416 

• 0.36 

75 

9 

No 

14.9979 

14.9462 

0.34 
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The master alloy#’ (Boron“d'~ped Ni^Al) obtained 
from the Defence Metallurgical Research Laborator^^ 
could not be analysed for its exact chemical composi- 
tion# However# the diffraction pattern obtained for 
the master alloy tallied very well with the diffraction 
pattern of Ni^Al given in the ASTM data cards (Table 4*l)(App.C)# 
Moreover# intensity calculations were done for pure Ni^Al® 

The calculated relative intensities showed excellent match 
with the observed relative intensities for Boron-doped 
Ni^Als These indicate that the master alloy must have had 
a composition very near to stoichiometric Ni^Ai^ 

5 # 2 HOMO GENIZING TEMPERATURE 

jja-ttlce parameter measurement as a function homogeni- 
sation time at 1200°C showed (Figure 4,2) that almost 12 days 
are required at 1200°C for the alloys to get homogenized. 

An attempt was made to decrease the homogenizing time by 
increasing the homogenisation temperature to 1300°C. When 
the Boron doped sample containing 7 atomic % Ta was checTced 
after 1 day at 1300°C, it was# however# found that the 
sample had partially method. Though the Ni-Al binary shows 
the melting point of Nl^Al to be around 1360®C# on addition of 
7 at % Ta# the melting point seems to have come below 1300 C. 

A scan of the available literature revealed one mention 
about the reduction of the solidus temperature of Ni 3 Al with 
increasing amount of Ta(l). However# no qu.antitative data 
was available in this regard. No attempt was made to 
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;ablish th- 


an Ta content. 


enact sclir’us tonne r-Tf 


arure or ets dcpen-cnce 


Since 12 00°c vras a temperature at which phase 
ecpiilioria study would be made, it xeas decided to homogenize 
the alloys at 1200°c. 


5*3 


PJ-IASE 


Lattice parameter studies formed the most important 
part of the present investigation* Initially lattice 
parameter xvas used to determine the time required for 
homogenising the alloys* 


The atomic radius of Ta (1*46) is slightly greater 

than that of A1 (1*41) and is much larger than that of Ni 

(1.26) « Figures 4,3, 4,5 and •^,,6 shov7 that the lattice 

parameter of Ni^Al increases with Increasing Ta. But the 

increase is not very large. For a Boron-doped 7 at % Ta 

allOj/ at 1200 C, the percentage increase in lattice -oara— 

merer ^ 100) is only about 0,08%. This possibly 

Ni,Al 

indicates that Ta substitutes A1 and not Pi in Ni^Al, 

Since B Is a small size atom. It J.s expected to go into 
the interstitial sites of Ni^Al structure and an increase in 
lattice parameter is to be expected due to B addition. The 
lattice parameter data in Figures 4,3, 4,5 and 4.6, however 
show that the Boron doped alloys have smaller lattice parameter 
than the non-Boron alloys. This may be due to segregation of B 
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to the grain boundaries or due to the formation of Borides 
of elements with large atomic diameters (A1 and Ta)« Both 
A1 and Ta form stable Borides. In either case most of B 
does not remain in solid solution. If B forms stable 
borides of A1 and/or Ta, the matrix also gets depleted of 
A1 or Ta (elements with large atomic diameter) . This may 
results in a decrease of lattice parameters of the alloy 
relative to the Ki^Al alloy containing on B«' 

5 • 4 A NALYSIS -OF DIFFRACTION PEAKS DIIE TO THE UNKNOWN PHASE 

X-ray diffraction patterns of the Ni-Al-Ta alloys with 
or without Boron shox^/ed the presence of diffraction peaks 
other than those for the Ni^Al phase. An attempt was made 
to identify the phase which gave rise to the extra diffraction 
peaks. 

In the Ni-Al-Ta system several Intermediate phases 

exist. These phases are Ni AlTa, Ni_AlTa, Ni_AlTa, NiAlTa. 

6^0 

The binary phases near the investigated composition regions 
ares Ni^Ta (monoclinic, tetragonal and orthorhombic), 

NigTa and NiAl. There is also the Ni-rich solid solution 
phase « 

In order to identify the extra diffraction peaks 
observed in Ta containing alloys. The diffraction patterns 
of all the phases mentioned above are compared with the unknox 
diffraction peaks. For this comparison only three most 
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intense peaks of each phase was considered as shown in 
Table 5 ^ 2 , None of the diffraction patterns listed in 
the Table 5.2 shov/ed any inatch v/ith the unknown 'peaks , 

The diffraction pattern of the phase NiAlTa.shovred some 
match of 2© angles with the 2© angles for the unknown peaks. 
NiAlTa is a phase which is much removed from the Y ' phase 
boundary. Table 5.3 compares the diffraction patterns of 
NiAlTa and the unknown phase. 

5.3 shows that though the tv/o diffraction patter- 
ns shov7 close match of peak positions near 2© values of 35*^/ 

40 ^ 70° and 73°, the intensity ratios are quite different 
for the two patterns. Moreover, all lines of equal high 
intensity = 100) in the diffraction pattern of NiAlTa 

do not shov7 up in the pattern of the unknown phase. Hence we 
conclude that the unknown phase, can not be NiAlTa, 

Since it was not possible to find the source of the extra 
diffraction peaks in the stable phases of Ni-Ta# Ni-Al 
and Ni-Al-Ta system.s it was concluded that the diffraction 
lines are due to an extraneous source. The possibility 
of oxides, borides etc, were considered next but this also 
failed to account for the extra diffraction peaks. Since 
the powder for X-ray diffraction work was filed using a 
steel file, there is a possibility of contamination of the 
powder due to the file material (steel). The extra diffraction 
lines could not be accounted for on the basis of this 



Table 5»2 
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s Comparison of the Set of Unhnovjn Peaks with the 
Diffraction Patterns of Phases in the Ni-Al-Ta 
System 


Y 

Unknown phase (Ref» 2) NiAl (Ref,' 3) 

f,c.c. Cubic 


"/"o 

100 

75 

SO 

100 

42 

21 

100 

70 

40 

d 

2,57 

2.225 

1.57 

2.034 

1.762 

1.246 

2,02 

1.179 

2.87 

2© 

34.91 

40,54 

58.57 

44,54 

51.89 

76,44 

44,87 

81.77 

31.16 




Ni^AlTa (Ref. 4) 
o 

Hexagonal 

Ni 2 AlTa (Ref ,5) 
Cubic (L2^ ) 

Ni^Ta (Ref. 6) 
Monoclinic 


I/I^ 100 50 30 100 70 20 100 80 70 

d 1,96 2,09 3,04 2,10 3,44 1,79 2.05 1,89 2.11 

2© 46,32 43,29 29,38 43,07 25,89 51.02 44.18 48,14 42,86 


Ni^TaCRef. 7) Ni^TaCRef.S) KigTa (Ref. 9) 

Tetragonal Orthorhombic Tetragonal 


I/I 

o 

100 

80 

80 

100 

70 

70 

100 

60 

20 

d 

2.11 

1,30 

1,10 

1,97 

2,10 

1,99 

1,27 

2,07 

1.8 

2© 

42.86 

72.7 

88^98 

46,07 

43.07 

45.58 

74.70 

43.73 

50.7 


Ni^AlTa (Ref, 10) 

I/I 100 20 10 

o 

d 1.92 2,00 2,07 


2 © 


47.3 '45,3 


43.7 
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Table 5.3 : Comparison of the Set of unknown pea}cs with 

the Diffraction Pattern of MiAlTa Phase 



Ni A1 Ta 

(11) 

Unknown Phase 


d 

I/I 

o 

20 

d 

"/A 

20 

4,28 

15 

20,75 




2.48 

75 

36.22 

2,569 

100 

34.915 

2.262 

100 

39.85 

2.23 

75 

40,540 

2,108 

100 

42.90 

21,574 

50 

58,665 

1.434 

50 

65 a 038 




1,388 

100 

67.47 




1,349 

100 

69,70 

1,342 

40 

70.125 

1.281 

100 

73.99 

1,285 

15 

73.700 

1,241 

100 

76,805 




1,185 

100 

81,16 
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possibility as no diffraction peak due to Pe could be detected* 
The diffraction pattern due to the unknown phase (the 
extra diffraction peaks in Ta containing alloys) appears to 
be somewhat simple. An attempt was made to index the extra 
diffraction lines of alloy containing 7 at% Ta and B on the 


basis of a cubic structure. As shown in Table 5.4 all the 
diffraction lines, due to the unknown phase could be indexed 
on the basis of a fee cell. 


Table 5.4 s Indexing of the Unknown Peaks of B-doped 7 at% 
Ta alloy on the basis of a f.c.c. Structure 
Lattice Parameter = 4.4500 A (Std. Dev. =8x10“'^) 


2© d 

A 


hkl 


I/I^ 


d 

Calculated 

” 2Sin© 



0 

34.915 

2.569 


111 


100 


2.569 

40 ® 540 

2,225 


200 


75 


2.225 

58.665 

1.574 


220 


50 


1.573 

70.125 

1.342 


311 


40 


1.342 

73.700 

1.285 


222 


15 


1.285 

87.735 

1.112 


400 


10 


1.112 

98.000 

1.021 


331 


40 


1.021 

The set of diffraction ; 

peaks due to the 

unknown 

phase with 

the diffraction pattern 

of TaC 

in Table 

5.5 

0 


Table 5.5 t 

Comparison 

of the 

Set of 

Unknown Peaks with the 


Diffraction Pattern of TaC 




Observed 

Values 


Values 

From . 

ASTM 

Data CARD p'op, Ta 

Line Unknovm Phase 







No, 2© 

d 

0 

H 

d 




hkl 

1 34.915 

2.569 

100 

2.57 



100 

111 

2 40.540 

2.225 

75 

2.23 



70 

200 

3 58.665 

1.574 

50 

1.58 



50 

220 

4 70.125 

1.342 

40 

1.34 



40 

311 

5 73.700 

1.285 

15 

1.28 



20 

222 

6 87.735 

1.112 

10 

1.11 



20 

400 

7 98.000 

1.021 

40 

1.02 



40 

331 
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The excellent match of the diffraction patterns 
(in Table 5®5 ) prompted further speculation on the 
possible source of C in the Ni-Al-Ta alloys. The 
microstructures of the alloys had revealed precipitation 
of a phase along grain boundaries. This phase was found 
to chip off easily during polishing# indicating the 
phase to be brittle. Microhardness taken on these 
precipitated particles gave very high values compared to 
those of the surrounding matrix. All these results indi- 
cate that the unknovrn phase is a hard and brittle stibstance, 
such as a carbide# Since the diffraction pattern of the 
unknov/n phase matches very well with that of TaC# the 
unknown phase may be TaC , 


Carbon was not an intentional or intended additive 
for the alloys that had been melted for the present study. 
Yet there must have been some source of carbon due to which 
TaC precipitated out in such large amounts that the entire 
diffraction pattern of TaC could be recorded. 

The carbon could have come from the raw materials, 
i,e,, the ingredients used for melting the alloys. Owing 
to the unavailability of equipment, we could not have 
accurately assay the ingredients for their carbon content. 
Hox-zever, the purity of the elemental Ki and A1 that had 
been used was 99.99%. Ta sheet of purity 99.9% had been 
used. That the Ta was in sheet form, indicates that its 
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carbon content^ as well as concentration of other inter— 
Suii_ial atoms in Ta is very lowo The only other ingredient 
we used was the master alloy supplied by the DMRL. Since 
all the alloys# irrespective of whether prepared by using 
the master alloy or not# showed the TaC peaks# we could 
infer that the source of carbon was not the master alloy. 

Carbon could come from the process of alloy prepara- 
tion. Melting was done in argon-purged and evacuated 
arc-melting furnace using non-consumable W electrode and 
water-cooled Cu hearth. Some samples were melted at DMRL# 
while others at I.I.T. Kanpur. All the samples showed TaC 
peaks. So carbon pick-up from melting can be ruled out. 

Heat treatment was done by keeping the samples in 
evacuated silica capsules. Carbon pick-up from this stage 
is also not possible® 

The only other source of carbon could have been the 
diamond cutter which had been used to cut the ingredients 
as well as the melted buttons. Possibly# some diamond 
particles had got embedded into the material while cutting 
the raw material. During melting there was thorough mixing 
of the carbon and it possibly reacted iirith Ta# vjhich on 
heat treatment precipitated out as TaC. The number of 
diamond particles getting embedded# would naturally differ 
from sample to sample. Hence the amount of carbides would 
also differ from sample to sample# depending upon the 
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nuinber of diamond particles embedded. In other words, 
a systematic increase in the amount of TaC with increasing 
Ta content is not to be expected. A study of the micro- 
structures reveals that the amount of dark holes (assumed 
to be created by chipping out of TaC particles during 
polishing) does not show any systematic variation with 
Ta content# except for alloys v/ith low Ta content. 

Hence we conclude that the extra peaks appearing in 
the alloys which contain Ta, are due to TaC. The carbide 
formed due carbon pick up from diamond particles which 
were embedded into the material during cutting on the 
diamond cutter. However, the validity our conclusion 
could have been verified if an alloy had been prepared 
without using the diamond cutter. Disappearance of the 
TaC peaks in that case would have confirmed our conclusion. 
This could not be done owing to the lack of time. 

5 . 5 MICRGSTRTJCTURS AMD PHASE BOUITDARY 

Besides the peaks due to TaC and Ni^Al, there v/as 
no other extra peak in any of the diffraction patterns. 
Microstructures for alloys containing upto 7 at % did 
not shov7 any other phase whereas in the 9 at % Ta alloy 
small amount of a phase other than the Ri^Al and TaC was 
present. As diffraction peaks of a phase will be visible 
only if the amount of the phase is more than 5-6 volume 
the amount of the new phase in the 9 at %# alloy was too 
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'patte<'vT 

small to give any diffraction^. Microhardness measure- 
ments on this phase yielded values similar to those 
of the matrix (N± 3 A 1 ). Owing to the unavailability 
of electron microscope, this phase could not be 
identified* 

It was noticed that the microstructures of alloys 
containing less than 9 at % Ta, did not show this phase* 

The phase seen in Figure 4,17 for the 7 at % Ta alloy 
is typical of this alloy only* This phase is seen only 
near areas of large cavities® These cavities may have 
been created by chipping out of some precipitate particles 
(not necessarily TaC) and further etching. Some local 
variation in composition of the matrix due to massive 
precipitation must have caused this new phase to occur. 

This phase, is micros tructurally different from the 
phase in the 9 at % alloys® For instance, the phase in 
the 7 at % Ta alloy is not visible before etching whereas 
the phase seen in the microstructus" of 9 at % Ta alloy was 
visible without etching. Hence, if we assume the unidentified 
phase in the 9 at % Ta alloys as one of the Hi-Al-Ta phases, 
we can conclude that the phase boundary of Ki^Al lies 
somewhere in between 7 at % and 9 at % Ta. This corroborates 
well with literature data (Figure 2,6 ), which shows that 
with decrease in temperature from 1250°C to 1000°C, the 
phase boundary along the 75 at % Ni line decreases from 10 
at °/o Ta to about 8 at % Ta® 
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5.6 ANALYSIS OF THB SPLIT DIFFRACTION PEA?rS 

The diffraction pattern of the alloys which were 
eqnilibriated at 1000°C showed splitting of all the 
Ki^Al peaks. As recorded in Table 4.5, both the funda- 
mental and superlattice peaks of Ni^Al have split. There 
can be many reasons for splitting of peaks. For example# 
tetragonality may give rise to splitting of diffraction 
peaks. But in that case the fundamental reflection (111) 
vjill not split® 

In the literature there are reports of precipitation 
of FCC Y phase giving rise to splitting of the peaks (12# 13). 
Owing to prolonged ageing at 1000°C there is a loss of 
coherency Y and Y * and hence the peaks of Y are resolved® 

As Y has an FCC structure# with a lattice parameter very 
close to that of Y * # their peaks are very close and may 
give an appearance of split in Ni^Al peaks. But this separ- 
ation of Y and Y ' peaks v^ill occur for only the fundamental 
reflection as Y has an FCC structure. In the reported 
splitting of diffraction peak (12#13)# the (004) peak was 
considered, possibly for reasons of greater resolution 
achievable at the higher 2© angle. The (004) is a funda- 
mental reflection® In this report it was also stated that 
no split of superlattice reflection (003) was detected. 

In the present investigation however# all Ni^Al reflections 
have split# as shown in Table 4.5® 
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The only other explanation for the split of all 
diffraction peaks of Ni^Al phase would be the formation 
of two phases. Since both the sets of split peaks 
can be indexed on the basis of cubic structure similar 
to Ni^Al (Table 4,5)# it appears that there must exist 
a miscibility gap in the Ni^Al phase region# i®e.# the 
Y * phase should give rise to two phases Y | snd Y 2 
one rich in Ni and the other rich in A1 respectively* 

In the Ni-Al binary Y ' phase region has a width of about 
5 at % near lOOO^C. Hence the compositions of the two 
phases Y I and Y 2 very much different from that 

of the stoichiometric Ni^Al,’ 

As reported in literature (14)# and shown in Table 

5,6# the lattice parameter of Ni^Al increases with incre- 
asing Al-content. This should be expected since the atomic 
radius of A1 (1,41) is greater than that of Hi (1,26)* 

On the basis of this we assume that of the two phases separ- 
ated by the miscibility gap# the one with the larger lattice 
parameter is the Al-rich phase# and the one with the 
smaller lattice parameter# is the Ni-rich phase, 

5,6,1 DIFFERECTIAL SCANNING CALORIMETRY 

Since at 1200°C the Y * phase exists and at 1000°C 
two phases Y ^ and Y 2 s^ist due to the presence of a 
miscibility gap# it is expected that if the lOOo'^C annealed 
alloy is heated to higher temperatures# there will be a chang* 
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Table 5.6 : Lattice Parameter of Ni^Al as 4 Function 

of Composition 


At % A1 

Anneal 

o 

Temperature C 



1150°C 

lOOO^C 

750®C 


25.1 

3.5588 

3.5592 

3.5603 


25.9 


~ 

3.5599 


0 

OD 

3.5630 

3.5631 

3.5624 




96 


in composition of the Y ^ snd Y 2 phases and at some temper- 
ature between 1000°C and 1200'^C there v/ill be change over 
from Y I 2 — ™>*y ' . Since the reaction should tahe 

place over a range of temperature, any thermal effect asso- 
ciated with this transformation ( + Y ^ Y * ) will be 

spread over a range of temperatures. To check whether 
such a transfoimnation is detectable, DSC runs were made with 
two specimens, one containing no Ta and the other with 1 % Ta« 

The DSC traces. Figure 4®30 show several thermal effects. 
T\'fO small exothermic reactions occur at the lower temperatures -- 
one at ~210®C and the other over a small range of of tem- 
perature 450°c to 570*^C. This is follov/ed by an endothermic 
effect over a wide range of temperature,' starting at »^900°C 

and ending at ~1100°c and a very sharp endothermic reaction 

o 

at 1130 C® During cooling of the alloy, after the heating 
run in DSC, both the high temperature thermal effects do 
not show up whereas the low temperature thermal effects show 
up as endothejimic reactions® On heating the sample upto BOO'^C 
cooling it room temperature and again heating it also repro- 
duces both the low temperature reactions and shows that both 
the low temperature transformations are completely reversible* 
The low temperature thermal effects and the sharp endothermic 

reaction at 1130°C are not understood at present but the 

o o 

thermal effect observed between 900 C to 1100 C match will 
with the expected behaviour of a two phase alloy undergoing 
a transformation with change in temperature. Since the 
reaction takes place over a range of temperature it is not 
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possible to accurately determine the end point of + Y ^ Y' 

reaction# it is exeected to be slightly below 1100*^C® Further 
experimentation is needed to establish the true transition 
temperature. 


5.7 STRUCTUPAL ANALYSIS OF THE SPLIT DIFFRACTION PEAKS 

If on annealing Ni^Al phase at low temperatures 
bring about the miscibility gap reaction y ^ y| ^ 2 
then it may be possible to verify this by proper phase 
identification through chemical composition analysis using 
EPM technique. Since this was not possible to do at 
present# another method was adopted for this verification, 
Ni~Al and Ni-Al-Ta systems involve elements which have 
very wide variation in their atomic numbers as well as 
a large difference in their atomic radii, Ni^Al is a 
cubic ordered structure with 4 atoms/cell# of which A1 occu- 
pies the cell corners and Mi the face centre positions in 
the cubic cell. Any off stoichiometry composition is to 
increase the Ni or Al content of the cell. This will 
result in occupancy of Mi as well as Al in the cell coimers 
if Ni content increases or in the cell face centres if Al 
content increases. The large difference between the atom.ic 
scattering factors of Ni and Al is expected to drastically 
affect the intensity of diffracted beam. Since Ta is the 
largest size atom and is reasonably close to the size of 
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Al atom# it is expected that Ta v7ill go Into the sites 
preferred by Al. Ta has the highest atomic scattering 
factor among the three elements and hence again inten- 
sity of diffracted beam is expected to be affected rather 
drastically with Ta addition* On these assumptions 
diffraction line intensity calculations may show whether 
the split diffraction peaks for Ni^(Al# Ta) 

alloys can be justified by assuming the existence of a 
miscibility gap* 

Initially'# structure factor calculations are made 
for pure Ni^Al and calculated intensity ratios are 
compared with the intensity ratios for Ni^Al containing 
Boron* Then assuming a split in composition# calculations 
are made for Ni^Al at lOOO^C* Finally# the contribution 
of Ta is considered in a 1 atom % Ta alloy. In all the 
calculations# the lov7 atomic number element B is not 
considered as its contribution to diffracted beam intensity 
is expected to be very small because it is expected to go 
in industrial solid solution* The following sections show 
the calculations . 

5*7*1 INTENSITY CALCULATIONS FOR Ni^Al AT 1000*^0 

The peaks for Ni^Al phase Y * split up at 1000°C. 

We assume that this occurs due to the formation of two 
phases# and Y 2 # which is rich in Ni# the other 

rich in Al* The compositions of the Y and Y^ Phases 

not known® As the Ni^Al phase extends to about 3 atomic 


are 
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percent on either side of the stoichiometric composition, 
we assume that the composition of the Ni-rich phase is 
78 at % Ni, 22 at % Ni. and that of the Al-rich phase is 
72 at% Ni, 28 at% Al, i,e., correspond to the Ni^Al phase 
boundaries. The intensities of the diffracted beams 

calculated on this basis are given below (Refer Appendix C 
for details of calculations® 


Ni-Rich Phase 

The composition for this phase is 78 at % Ni# 22 
at% Al® Since there is excess Ni compared to the stoi- 
chiometric composition, the face-centre positions will 
be fully occupied by Ni atoms, while the cube corners will 
be occupied by both Al and Ni, Hence, for the (000) sites, 
we have to use f^^^ = f^^ -f f^,^ where and m^^^ 

are the atomic fractions of Al and Ni atoms occupying the 


(OOO) site. The Al and Ni atoms in the (000) site are 


present in the ratio 22 ;3, 


Therefore, the (000) 


ite is f. 


22 ^ ■ 3- ^ 

25 “Al 25 Ni 


0.88 + 0.12 


?he solution of the structure factor equation is then 


given as 


IfP = (f, + 3f__.)^ for fundamental lines 

(5.1) 

)Fl^=(f, -f„.^^ for superlattice lines (5,2) 

' ‘ Avg Ni 


Al-Rich Phase 

The composition of this phase is 72 at % Ni, 28 at 
% Al. The (000) sites are fully occupied by Al atoms. 
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Assuming random substitution of the excess A1 atoms in 
the three face center positions^ and since the Ni atoms 
and A1 atoms In the Ni sub— lattice (face-center positions) 
are in the ratio 12 % 3 , the f^^^ is given by 


'Avg 


72 3- 

75 75 *A1 = ^Al 


The structure factors are given by: 


2 2 

If] = ^ ^Avg^ fundamental lines 

(5. " 3 ) 

i . 2 2 

'Fj = ” 'Avg^ superlattice. lines (5.4) 


The calculated# sealed relative integrated intensities 
are given in Table 5.7 (refer Appendix C for calculations). 


Table 5.7 : Calculated and Observed Relative Intensities 

of the Phases Separated in Ni^Al at 1000 c 
due to a Miscibility Gap 


Line 

hkl 

e 

Ni Rich 

Phase 

Al-rich 

Phase 

Calculated 

(scaled) 

Observed 

(scaled) 

Calcula- 

ted 

(scaled) 

Observed 

(scaled) 

1 

100 

12 . 47 ° 

0.78 

1,72 

1.01 

2.50 

2 

110 

17.775° 

0.58 

1.36 

0.75 

1.60 

3 

111 

21.965° 

0 

0 ' 
0 

10.00 

10.00 

10.00 

4 

200 

25.586° 

4.64 

4.50 

4.65 

4.52 


The observed peak intensities are based on peak height 
measurement from the X-ray diffraction patterns. 



101 


5.7,2 INTENSITY CALCULATIONS FOR Ni A1 WITH 1 ATOM % Ta 

3 

A?'X) CONTAINING B, AT lOOQoC 

We assuine the Ta goes to siibstitute A1 in a random 
fashion. 


Ni—Rich Phase 

The composition for the Ni-rich phase is 78 at % Ni^ 

21 at % Al^‘ 1 at % Ta. The Ni siib-lattice is fully occupied 
by Ni atoms, while the (000) sites (A1 sub-lattice) is 
occupied by Al, Ni and Ta atoms in the ratio 21:3 si respect- 
ively. 


" " ^Avg 

21 

25 

^A1 25 

■p 

"Ni 


^Ta 


= 0,84 

o;i2 

f 

Ni 

o 

o 

^Ta 


The structure factors are given as 


jp!^ = (f + 3 f . )^ for fundamental lines (5,5) 

ipj^ = (f - f for superlattice lines (5,6) 

* ' Avg Ni 

Al-Rich Phase 

The composition of this phase is 72 at % Ni, 

27 at % Al, 1 at % Ta, Here we consider the contribution 
of A1 and Ta to the atomic scattering factor, together 


i.e, fj^2.,Ta 


27 ^ , L- -f 

28 ^A1 28 %a 


0,96 f^^ + 0.04 f^^ 


and f for the face-center positions is: 
Avg 
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'Avg 


75 ^Ni 75 ^Al,Ta ^Ni ^Al,Ta 


The structure factors are given byt 


Ta ^ ^Avg^ ^ fundamental lines 


' 2 2 

Fj = -Pg “ ^Avg^ superlattice lines 


(5.7) 

3 

(5.8) 


Calculation, similar to those shovm in Appendix C, 
were done to obtain the scaled relative integrated inten- 
sities. Table 5,8 shows the comparison between the calcu- 
lated and observed values. 


Table 5.8 : Calculated and Observed Relative Intensities 

of the Phases Separated in Ni2Al with 1 at %Ta 
due to Miscibility Gap at 1000°C 


Line 

hkl 

<0 

Ni-rich Phase 


Al-rich 

Phase 


Calcu- 
1 ated 
(scaled) 

Observed 

Calcu- 

lated 

(scaled) 

Observed 

Area 

under 

curve 

(scaled) 

Step* 

scan 

(se- 

aled) 

Area 

under 

curve 

(sca- 

led) 

Step* 

scan 

(scal- 

ed) 

1 

100 

12.47° 

0,48 

1.44 

1.07 

0.68 

2.41 

1.95 

2 

110 

17.775' 

° 0.35 

1,10 

0.86 

0.50 

1.96 

1.48 

3 

111 

21.965' 

° 10,00 

10,00 

10.00 

10,00 

10,00 

10.00 

4 

200' 

28.87° 

4.64 

4.20 

4.38 

4.64 

4.24 

4.68 


The peah height was only measured by the step scan technique. 
This column does not give relative integrated intensities, 
while the others do. 
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In our calculations for the data in Tables 5,7 and 
5,9 we had chosen ideal structure with a degree of order 
equal to one. Moreover, only atomic scattering factor, 
multiplicity factor and Lorentz polarization factor were 
considered for the intensity calculations. Other factors 
were neglected, CXiring these reasons the absolute values 
of the calculated scaled relative intensities do not show 
close match with the observed values. However, if ratios 
of intensities are taken, the extraneous factors will get 
cancelled. From Table 5,8 we see that the ratio of inten- 
sities of the (100) reflection for the Ni-rich phase and 
the Al-rich phase is betv/een 0,6 and 0,7 for both the cal- 
culated and observed values, A similar match is observed 
for (200) reflections 

Table 5^ shows that though the absolute values 
of the calculated and observed scaled relative intensities 
do not match closely, the trend of the scaled intensities 
match. That is. Line 1 (for the 100 reflection) is stronger 
than Line 2 (for the 110, ref lection) in all the cases, 
without any exception. Moreover, the ratio of the calculated 
scaled relative intensities for the first two superlattice 
lines matches very closely with that of the observed scaled 
relative intensities as shown in Table 5,10, 



104 


Table 5.9 : Ratio of the Scaled Relative Intensities 

of the First Two Superlattice Lines 
(100 and 110 reflections) 


Ratio = 

Line 2 

Ni-rich Phase 

Al-rich Phase 

Calculated ratio 

1.37 

1 #36 

Observed ratio 
(area under cuarve) 

1.31 

1.34 

Observed ratio 
(step scan) 

1.24 

1.32 


This indicates that the calculated values and observed 
values of intensities are consistent in their trends. 

On comparing Tables 5.7 and 5.8^, it will be noticed 
that the calculated scaled relative intensities of the super- 
lattice lines have decreased on addition of 1 at % Ta, 

Figure 5.1 sho^/s the split 100 peaks for boron doped Ki^-^-l 
without Ta and containing 1 at % Ta, The experimentally 
obtained diffraction peaks also show the same trend as 
predicted by the intensity calculations, i.e,, the intensity 
of the superlattice reflections decrease v;ith addition of 
Ta. A close inspection of equation 5«8 will reveal that the 

contribution of Ta decreases the difference betv/een f,,™ 

AlTa 

and thus decreasing the calculated intensities for 

the superlattice lines. 




106 


RSPERENCES 


1 ® 


P* Willemin, C® Dugue, 
J.H® Davidson, Mat® Sc 
April 1986, p. 314® 


M» Durand-Charre and 
& Tech,, Vol. 2, 


2® 

ASTM Data Card 

No. 4-850. 

3. 

ASTM Data Card 

No. 2-1261. 

4, 

ASTM Data Card 

No® 34-1284, 

5®' 

ASTM Data Card 

No. 30-31® 

6 , 

ASTM Data Card 

No. 19-855. 

7. 

ASTM Data Card 

No. 18-893. 

8. 

ASTM Data Card 

No® 17-699® 

9® 

ASTM Data Card 

No® 23-438. 

10® 

ASTM Data Card Mo. 34-~1278« 

11® 

ASTM Data Card 

No. 18-45. 

12. 

M.V® Nathal, R. 
Vol® 22, 1988, 

A. MacKay, R.G. Garlick, Scr. Met., 
pp® 1421-1424. 

13® 

M.V. Nathal, R. 
Engg®, Vol® 75, 

A. MacKay, R.G, Garlich, Mat. Sci. 
1985, pp® 195-205. 

14® 

W.B, Pearson, 
and Structures 
p. 379® 

'*A Handbook of Lattice Spacings 
of Metals and Alloys, Pergamon Pres 



107 


CHArTER 6 


CONCLUSIONS 


From the experimental results and the analysis of those 
results^ the following conclusions can be drawn; 

1* X-ray diffraction patterns of all alloys containing 
Ta and the high microhardness values of grain boundary 
precipitate particles indicate that TaC has precipitated 
in the alloys. 

2. Carbon was not an intentional addition. It was inferred 
that the carbon required for the formation of TaC may have 
come from the diamond cutter. Small pieces of diamond may 
have got embedded into the materials while cutting. 

3. The solubility limit of the Ni^Al phase was found from 
microstructural studies to be between 7 at % to 9 at % Ta 
along the 75 at % Ni line. 

4. Boron had no obser\’-able effect on the solubility limit. 

5. Increase of lattice parameter with addition of Ta 
and intensity calculations confirmed that Ta substitutes A1 
in Ni^Al, 

6. Analysis of split diffraction peaks appearing at lOOO^C 
and intensity calculations verify that a m.iscibility gap 
exists in the Ni^Al phase region. 
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CHAPTER 7 

SCOPE FOR FUTURE WORK 

The conclusions of the present work leave much scope 
for future wort. Firstly^ the source of carbon# which 
contaminated the alloys and caused precipitation of TaC, 
has to be determined. For this# alloys have to be prepared 
by taking precautions to prevent carbon contamination. Ini- 
tially# the ingredients have to accurately assayed for their 
carbon contents. The diamond cutter being a potential source 
of carbon in the process of alloy preparation# the alloys 
should be melt after grinding off the cut surfaces to remove 
any embedded carbon® The alloys thus prepared should be 
assayed for carbon. The diffraction patterns of the alloys 
should checked for TaC peaks® 

The 9 at % Ta alloys show a phase besides TaC and 
the matrix. Electron microscopy studies should be done to 
identify this phase. 

The lattice parameter of alloys containing Boron shows 
lower values than for alloys without Boron. This should be 
investigated further for the possibility of formation of 
Borides of Ta and Al. 

The most important result of the present vrork was the 
splitting of all the Ni^Al peaks. This splitting was 
explained on the basis of a miscibility gap in the Ni^Al® 
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The exietonce of such a miscibility nap has not been 
reported before. Further work should done to investigate 
the possibility of a miscibility gap, EPM analysis should 
be done to detect any variation in composition in the grains. 
The Ni— Al-Ta“C quaternary has not been studied. Possibly# 
the carbon present in the alloys has caused the miscibility 
gap. This should be thoroughly investigated in future 
works , 
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APPS1\T>IX A 

CALCULATION OF WEIGHT OF INGREDIECTS FOR MAKING 
15 CMS OF BORON DOPED ALLOY 


The calculations involved converting the atomic 
percentages of Ni# A! and Ta to weights in gm of 
Ni^Al, Ni (or Al) and Ta« The first step was to 
convert the atonic percentages to weight percentages 
of the elements. The following formula was used for 
the conversions 

, Atomic % M X Atomic weiaht M x 100 

wt%M = -- — ^ — — — ^ ^ ™ ^ ^ — 

? (Atomic % M . X Atomic weight M. ) 

The effect of Boron is neglected as it is in very small 
quantity. The second step was to find out whether Nickel 
or Aluminiim had to be added to Ni^Al. Next# the 
composition of the alloy was expressed in terms of the 
x^eight percentages of Ni^Al# Ni (or Al) and Ta. Finally# 
the required weight (in grams) of the components was 
computed in order to make an alloy with total weight of 
15 grams® As an example# the calculations for alloy 5# 
containing 13 atomic % Ta and Boron# is shown beloi^rs 


Element 

Atomic % 

Atomic Weiaht 

Weight % 

Ni 

75 

58.71 

62.1984 

Al 

12 

• 26,98 

4.5733 

Ta 

13 

180.95 

33.2283 
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In Ni Al, 

3 

Weight % Ni = 86*71656 

Weight % A1 = 13*28344 

In alloy S, 

For 4o5733 weight%Al, weight% Ni (from Ni^Al) = 29.85527 
For 62.1984 weight%Ni, weight%Al (from Ni^Al) = 9,52769 

Hence excess Nickel has to be added® The composition of 
Alloy S can now be expressed as i 

29o85527 wt%Ni + 4.5733 wt%Al = 34,42857 wt% Ni^Al 

(62.1984 - 29,85527) wt%Ni = 32,34313 wt%Ni 

33,2283 wt%Ta 

® , For 15 gms of Alloy S we shall needs 


Ni^Al 

= 34,42857 wt% 

= 

5,16428 

gm 

Ni 

= 32,34313 wt% 


4.85146 

gm 

Ta 

= 33,2283 wt% 

= 

4,98424 

gm 


14,99998 gm 
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APPITl-TOIX B 

CALCULATIONS FOR LATTICE PARAMETER 

For precise lattice parameter measurement initially 
a correction factor is determined to take care of the error 
in the goniometer* The diffraction pattern of a standard 
Si— sample is obtained# the angular positions of the peaks 
are measured and compared with the calculated peak positions. 
The error obtained by subtracting the two. Table A-1 sho\irs 
a sample calculation for correction factor. 

Table A— 1 : Calculation and Correction Factor 


EXPERIMENTAL 

2© 

CALCULATED 

2© 


CORRECTION FACTOR 
(Calculate 2©) - 
(Experimental 2©) 

For 
CuK a 

For 

CuK a 

1 ■ 

For 

CuKtt^ 

For For 

CuKa CuKa^ 

For 

CuKa2 

CuKa 

CuKa^ 

CuKa2 

47.19 



47.3673 - 

0.1773 




56.03 

56.13 

56.1497 

56.3012 

- 

0.1197 

0.1412 


76.18 

76.40 

76.4166 

76.6404 

- 

0.2366 

0.2404 


87.83 

88.11 

88.0798 

88.3549 


0.2498 

0.2449 


94.76 

95,06 

95.0085 

95.3191 


0.2485 

0.2591 


The correction factor is plotted against angles • For the 
diffraction pattern of an alloy sarnple# the correction factor 
corresponding to a 2© value is read directly i-rom the plot and 
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is added to the 29 value. The final corrected value of 29 
is used for calculating lattice parameter* 

The lattice parameter corresponding to each peak is 
calculated using the formula J 

a = ( X/2Sin©) 


These lattice parameters are then plotted against the Nelson- 
Riley function; 

t -she ^ 


Slope of the plot is determined by using the relation: 


Slope 


Sx Sy “ n 2 xy 
(Sx)^ “ n Sx^ 


where the x stands for the values of the Nelson-Riley functio 
and y stands for the lattice parameters. 

The extrapolated lattice parameter is, which is taken to be 
the parameter for the sample under study, is obtained from: 


Lattice parameter = “ (Slope x 


where y. and x, 

Avg Avg 


are the average values of y and x 



STRUCTURE FACTOR AND INTENSITY CALCULATIONS FOR ORDERED Ni^Al 


Atom Positions: 

Ordered Ni^Al has an Ll^ type of structure. The Al 

atoms occupy the cubic corners^ i.e.^ the 000 sites^ and the 

• 1 1 
Ni atoms occupy the face^center positions^ i.e., the "2 '2 

11 11 

0 and ^ 2 ‘2 positions* 

Structure Factor: 

Since the structure of Ni^Al is ordered^ the contri- 
butions of atomic scattering factors of Al and Ni must be 
considered separately. Hence the structure factor of ordered 
Ni^Al is : 

TtiCh+h) ti(>H-l) fiid+h) 

^ = *A1 ® ® ^ 3 • 

Intensity of Diffracted Beams: 

The intensity of the diffracted beams defends upon 
the scTLiare of the structure factor# the multiplicity factor# 
Lorentz polarization factor# temperature factor# absorption 
factor etc. Since we need only the relative intensities# 
excent the first three all other factors are neglected. 

i*e. I oc jFj^ *m« (L.P.) 

m being the multiplicity factor and L.P, the Lorentz Polarizat 


Factor 
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Table A-2 shews the calculations for scaled relative 
intensities and also compares the calculated values with 
the experimentally obtained values* 

























a> 


d) 












> 


> 

> 




> 

0 ) 






f— i 


f — 5 

rH 



m 

-P 

> C 






0 


0 

c 



c 

•>H 

P r~ 

0 

if) 

C 

c 

0 

CQ 

0 

CO 

CO 

mi 

LTj 


(fj 

e 

a 


\D 

c 

VC 

CN4 


cc 

0 

c 

LO 

mi 

4 .’ 

c 

c u 

0 

® 


m 

0 

u 

® 

P 

u 



-r-’ 

c 

4?^ 0 

r~i 

C 

c 


C 


03 



fO 

K — i 

m 

-p 

0 



mi 



V 


ij 

JJ' 



c 

c 







0 


0 

b 



c 

P-: 










«a~i 



-p 














c 


(D 












hi 

0 . 

4J 













4^: 

d dd 








r- 




Q) 

fo: 

r4 CD 


r- 

0 

r- 

03 

cn 

VD 

mi 

0 

00 

OS 

> 

P 

P r4 


r- 

c 

in 

ro 

04 

0 - 

r-i 

mi 

in 

0 


tj 

0 d 



<$ 


# 


0 

0 


® 


4J 

0 

rH 0 

rH 

0 

c 


0 

0 

C4 

0 

0 

ro 

mi 


4 ^' 

fd CO 



mi 









* — i 

P 

O'-- : 












C 

H 













04 ; 


! 












i 

*(V 














> 

(D 












C' 


V 






c 


C 

0 

c 

0 

> 

4^ 

fd 

0 

c 

0 

0 

0 

mi 

0 

mi 

T — 1 

mi 

mi 

u 

rd 

rH 

tH 

mi 

r-i 

mi 

mi 

X 

mi 

X 

X 

X 

X 

CD 

sH 

h 

X 

X 

X 

X 

X 


X 

03 


VD 

VD 

tc 

0 ) 

V 

IT) 

r- 

\o 

0 

KD 

ro 

0^ 

VD 

mi 

in 

tn 

rO 

04 

! r-l 

r-i 

0 

. ^ 

mi 

04 

Ch 

(Ti 

LO 


04 

CO 

0 


! d 

# 




c 

# 


% 






1 0 


ro 

CJ^ 

CO 

r-i 

0 

c 

c 

0 








ro 

mi 



mi 



r^ 


4^ 














-H 

CD 














04 

K 













C4 


VD 

ro 

c 

VD 

0 

0 

0 

0 

0 


mi 

Kj 

to 

CD 

04 

mi 

r-i 

00 


0 

LO 

OS 

OS 

in 

ro 

Q) 

0 

C4 (D 

' 0 

O' 

o- 

04 


CO 

c 

0 


(OS ■ 

0 

u 

V 

C CO 

' @ 

# 



rs3 

0 

VD 

04 

OS 


® 

(V 

•f 

•H 0 

0 

CD 

mi 

CD 

@ 



0 

0 


C4 

Oi i 

tH 

CO 0 


m-i 

mi 


VD 

in 

cn 

CO 

CS3 

04 


B 














0 














u 















a 







04 




CO 

m 



VD 

04 

00 

VD 

CSS 

04 

mi 

CSi 

03 

C4 


0) 




t4 










•H 







04 







-P 



<J\ 

O) 

LO 

04 

r- 


C4 

CD 

tn 

CN3 

VD 


04 



0 ) 



0 

0 

® 

0 


0 


to 



04 

KD 



ro 

l> 

0 

C 

CO 

in 

ro 

a 


1> 

cn 


LO 

CD 

0 

^■ 

VD 

LO 

CS3 

CJ^ 

0 ) 


r4 

mi 

03 

VD 



in 



r-i 

cr» 







ro 



04 



CS4 

mi 

C 














H 



in 

0 

in 

in 

to 

0 

0 

C 

c 


LO 


r— 1 1 

0 

0 


0^ 

LO 

04 

VD 

CO 

mi 

O^ 

VO 

CD 


< 





0 

© 



Q 



> 

4^ 

0 


CO 

t- 

o- 

r- 

VD 

VD 

VD 

in 

in 




T— { 











•P 














rd 











LO 



<rH 


-H 

04 

1 > 

0^ 

LO 

r- 

0 

VD 

mi 

o- 


0 

a 



0 

0 








# 

0 

04 


ro 

0 

. cc- 

r- 

VO 

\D 



CO 

ro 

CO 




03 

04 

mi 

mi 

mi 

m-i 

mi 

mi 

mi 

mi 

mi 















CD 














4 -> 



I> 

03 

\D 

cc- 

o- 

ro 


0 

!> 


04 

fd 

I 



O- 

C\ 

in 

CD 

Cs 

VD 

CO 

0 

5 > 



CD 



0 

« 

0 




® 


0 




03 

o- 

r-i 

m 

CO 

mi 

i> 

0 

ro 

in 

CO 

U »H 





04 

04 

04 

CO 

CO 





s — i 














d ro 

04 













0 -H 

r4 













-f 












0 ) 

04 

1 

1 










mi 

04 

4-1 

44 

tH 

04 

CO 


LO 

VD 

(D 

OS 

C 

mi 

r-i 

E-i 0 

i 

" 









r4 




03 














4: 












pq 

r4 

0 

0 

mi 

0 

0 

mi 

0 

mi 

0 

mi 

04 

# 


0 

mi 

mi 

0 

mi 

mi 

04 

C4 

mi 

r~? 

04 

< 

4: 

'H 

mi 

mi 

04 

04 

C4 

04 

CSS 

ro 

ro 

C^4 

CD 














rH 














;Q 













d 


-4 














r-i 

04 

ro 


m 

VO 


CD 

OS 

C 

mi 












mi 

mi 







Q £ 2 2 

^ %rr 

/5 €? 




